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CONSTITUTION.

REVISED AT THE FIFTH, EIGHTH AND TWELFTH ANNUAL CONVENTIONS.

ARTICLE I.

NAME, OBJECT AND LOCATION.
Name.

1. The name of this Association is the American Railway Engi-

neering Association.

Object.

2. Its object is the advancement of knowledge pertaining to the

scientific and economic location, construction, operation and maintenance

of railways.

Means to Be Used.

3. The means to be used for this purpose shall be as follows

:

(a) Meetings for the reading and discussion of reports and papers

and for social intercourse.

(b) Investigation of matters pertaining to the objects of the Asso-

ciation through Standing and Special Committees.

(c) The publication of papers, reports and discussions.

(d) The maintenance of a library.

Responsibility.

4. Its action shall be recommendatory, and not binding upon its

members.

Location of Office.

5. Its permanent oflfice shall be located in Chicago, 111., and the

annual convention shall be held in that city.

ARTICLE II.

. . ^. MEMBERSHIP.
Membership Classes.

1. The membership of this Association shall be divided into three

classes, viz. : Members, Honorary Members and Associates.

Membership Qualifications.

(2) A Member shall be

:

(a) Either a Civil Engineer, a Mechanical Engineer, an Electrical

Enginaer, or an official of a railway corporation, who has had not less

15



16 Constitution.

than five (5) years' experience in the location, construction, maintenance

or operation of railways, and who, at the time of application for member-

ship, is engaged in railway service in a responsible position in charge of

work connected with the Location, Construction, Operation or Mainte-

nance of a Railway; provided, that all persons who were Active Members

prior to March 20, 1907, shall remain Members except as modified by

Article II, Clause 9.

(b) A Professor of Engineering in a college of recognized standing.

Honorary Membership Qualifications.

3. An Honorary Member shall be a person of acknowledged emi-

nence in railway engineering or management. The number of Honorary

Members shall be limited to ten.

Associate IVIembership Qualifications.

4. An Associate shall be a person not eligible as a Member, but

whose pursuits, scientific acquirements or practical experience qualify

him to co-operate with Members in the advancement of professional

knowledge, such as Consulting, Inspecting, Contracting, Government or

other Engineers, Instructors of Engineering in Colleges of recognized

standing, and Engineers of Industrial Corporations when their duties are

purely technical.

Membership Rights.

5. (a) Members shall have all the rights and privileges of the

Association.

(b) Honorary Members shall have all the rights of Members, except

that of holding office, and shall be exempt from the payment of dues.

(c) Associates shall have all the rights of Members, except those of

voting and holding office.

Age Requirement.

6. An applicant to be eligible for membership in any class shall not

be less than twenty-five (25) years of age.

"Railway" Defined.

7. The word "railway" in this Constitution means one operated by

steam or electricity as a common carrier, dependent upon transportation

for its revenue. Engineers of street railway systems and of railways

which are used primarily to transport the material or product of an

industry or industries to and from a point on a railway which is a

common carrier, or those which are merely adjuncts to 5iich industries,

are eligible only as Associates.
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Changes in Classes.

8. A Member, elected after March 20, 1907, who shall leave the

railway service, shall cease to be a Member, but may retain membership

in the Association as an Associate, subject to the provisions of Article II,

Clause 9; provided, however, if he re-enters the railway service, he shall

be restored to the class of Members.

Supply Men.

9. Persons whose principal duties require them to be engaged in

the sale or promotion of railway patents, appliances or supplies, shall

not be eligible for, nor retain membership in any class in this Association,

except that those who were Active Members prior to March 20, 1907,

may retain membership as Associates; provided, however, that anyone

having held membership in the Association and subsequently having be-

come subject to the operation of this clause, shall, if he again becomes

eligible, be permitted to re-enter the Association, without the payment of

a second entrance fee.

Transfers,

10. The Board of Direction shall transfer members from one class

to another, or remove a member from the membership list, under the

provisions of this Article.

ARTICLE III.

ADMISSIONS AND EXPULSIONS.

Charter Membership.

1. The Charter Membership consists of all persons who were elected

before March 15, 1900.

Application for Membership.

2. The Charter Membership having been completed, any person

desirous of becoming a member shall make application upon the form

prescribed by the Board of Direction, setting forth in a concise statement

his name, age, residence, technical education and practical experience.

He shall refer to at least three members to whom he is personally known,

each of whom shall be requested by the Secretary to certify to a personal

knowledge of the candidate and his fitness for membership.

Election to Membership.

3. Upon receipt of an application properly endorsed, the Board of

Direction, through its Secretary, or a Membership Committee selected

from its own members, shall make such investigation of the candidate's
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fitness as may be deemed necessary. The Secretary will furnish copies

of the information obtained and of the application to each member of the

Board of Direction. At any time, not less than thirty days after the

filing of the application, the admission of the applicants shall be canvassed

by letter-ballot among the members of the Board, and affirmative votes

by two-thirds of its members shall elect the candidate
;
provided, how-

ever, that should an applicant for membership be personally unknown to

three members of the Association, due to residence in a foreign country,

or in such a portion of the United States as precludes him from a suffi-

cient acquaintance with its members, he may refer to well-known men

engaged in railway or allied professional work, upon the form above

described, and such application shall be considered by the Board of

Direction in the manner above set forth, and the applicant may be elected

to membership by a unanimous vote of the Board.

Subscription to Constitution.

4. All persons, after due notice from the Secretary of their elec-

tion, shall subscribe to the Constitution on the form prescribed by the

Board of Direction. If this provision be not complied with within six

months of said notice, the election shall be considered null and void.

Reinstatement.

5. Any person having been a member of this Association, and hav-

ing, while in good standing, resigned such membership, may be reinstated

without the payment of a second entrance fee; provided his application

for reinstatement is signed by five members certifying to his fitness for

same, and such application is passed by a two-thirds majority of the

Board of Direction.

Honorary Membership.

6. Proposals for Honorary Membership shall be submitted by ten or

more Members. Each member of the Board of Direction shall be fur-

nished with a copy of the proposal, and if, after thirty days, the nominee

shall receive the unanimous vote of said Board, he shall be declared an

Honorary Member.

Expulsions.

7. When charges are preferred against a Member in writing by ten

or more Members, the Member complained of shall be served with a copy

of such charges, and he shall be called upon to show cause to the Board

of Direction why he should not be expelled from the Association. Not

less than thirty days thereafter a vote shall be taken on his expulsion,

and he shall be expelled upon a two-thirds vote of the Board of Direction.
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Resignations.

8. The Board of Direction shall accept the resignation, tendered in

writing, of any Member whose dues are fully paid up.

ARTICLE IV.

Entrance Fee.
°"^^-

1. An entrance fee of $10.00 shall be payable to the Association

through its Secretary with each application for membership ; and this

sum shall be returned to the applicant if not elected.

Annual Dues.

2. *The annual dues are $10.00, payable during the first three months

of the calendar year.

Arrears.

3. Any person whose dues are not paid before April 1st of the cur-

rent year shall be notified of same by the Secretary. Should the dues

not be paid prior to July 1st, the delinquent Member shall lose his right

to vote. Should the dues remain unpaid October 1st, he shall be notified

on the form prescribed by the Board of Direction, and he shall no longer

receive the publications of the Association. If the dues are not paid by

December 31st, he shall forfeit his membership without further action

or notice, except as provided for in Clause 4 of this Article.

Remission of Dues.

4. The Board of Direction may extend the time of payment of

dues, and may remit the dues of any Member who, from ill-health,

advanced age or other good reasons, is unable to pay them.

ARTICLE V.

Officers.
^°^^ °^ DIRECTION.

1. The officers of the Association shall be Members and shall con-

sist of:

A President,

. A First Vice-President,

A Second Vice-President,

A Treasurer,

A Secretary,

• Nine Directors,

•The annual payment of $10.00 made by each member is to be sub-
divided and credited on the books of the Association, as follows: To mem-
ber's subscription to the Bulletin, $5.00; annual dues, $5.00.
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who, together with the five latest Uving Past-Presidents who are Mem-

bers, shall constitute the Board of Direction in which the government

of the Association shall be vested, and who shall act as Trustees, and

have the custody of all property belonging to the Association.

Vice-Presidents' Priority,

2. The offices of First and Second Vice-Presidents shall be deter-

mined by the priority of their respective dates of election.

Terms of Office.

3. The terms of office of the several officers shall be as follows

:

President, one year.

Vice-Presidents, two years.

Treasurer, one year.

Secretary, one year.

Directors, three years.

Officers Elected Annually.

4. (a) There shall be elected at each Annual Convention:

A President,

One Vice-President,

A Treasurer,

A Secretary,

Three Directors,

(b) The candidates for President and for Vice-President shall be

selected from the members of the Board of Direction.

Conditions of Re-election of Officers.

5. The office of President shall not be held twice by the same per-

son. A person who shall have held the office of Vice-President or

Director shall not be eligible for re-election to the same office until at

least one full term shall have elapsed after the expiration of his previous

term of office.

Term of Officers.

6. The term of each officer shall begin with his election and con-

tinue until his successor is elected.

Vacancies in Offices.

7. (a) A vacancy in the office of President shall be filled by the

First Vice-President.

(b) A vacancy in the office of either of the Vice-Presidents shall

be filled by the Board of Direction by election from the Directors. A

Vice-Presidency shall not be considered vacant when one of the Vice-

Presidents is filling a vacancy in the Presidency.
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(c) Any other vacancies for the unexpired term in the membership

of the Board of Direction shall be filled by the Board.

(d) An incumbent in any office for an unexpired term shall be

eligible for re-election to the office he is holding; provided, however,

that anyone appointed to fill a vacancy as Director within six months

after the term commences shall be considered as coming within the pro-

vision of Article V, Clause 5.

Vacation of Office.

8. When an officer ceases to be a Member of the Association, as

provided in Article II, his office shall be vacated, and be filled as pro-

vided in Article V, Clause 7.

Disability or Neglect.

9. In case of the disability or neglect in the performance of his

duty, of an officer, the Board of Direction, by a two-thirds majority

vote of the entire Board, shall have power to declare the office vacant,

and fill it as provided in Article V, Clause 7.

ARTICLE VI.

NOMINATION AND ELECTION OF OFFICERS.

Nominating Committee.

1. (a) There shall be a Nominating Committee composed of the

five latest living Past-Presidents of the Association, who are Members,

and five Members not officers.

(b) The five Members shall be elected annually when the officers

of the Association are elected.

Number of Candidates.

2. It shall be the duty of this Committee to nominate candidates to

fill the offices named in Article V, and vacancies in the Nominating Com-

mittee caused by expiration of term of service, for the ensuing year, as

^°"°'^^- Number of Candi- Number of Candi-

dates to be named dates to be Elected

by Nominating At Annual Election

Office to be Filled. Committee. of Officers.

President 1 1

Vice-President 1 1

Treasurer 1 1

Secretary 1 1

Directors 9 3

Nominating Committee 10 5
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Chairman.

3. The Senior Past-President shall act as permanent chairman of

the Committee, and will issue the call for meetings. In his absence from

meetings, the Past-President next in age of service shall act as Chair-

man pro tern, at the meeting.

Meeting of Committee.

4. Prior to December 1st each year, the Chairman shall call a meeting

of the Committee at a convenient place and, at this meeting, nominees

for office shall be agreed upon.

Announcement of Names of Nominees.

5. The names of the nominees shall be announced by the perma-

nent Chairman to the President and Secretary not later than December

15th of the same year, and the Secretary shall report them to the mem-

bers of the Association . on a printed slip not later than January 1st

following.

Additional Nominations by IVIembers.

6. At any time between January 1st and February 1st, any ten or

more Members may send to the Secretary additional nominations for the

ensuing year signed by such Members.

Vacancies in List of Nominees.

7. If any person so nominated shall be found by the Board of

Direction to be ineligible for the office for which he is nominated, or

should a nominee decline such nomination, his name shall be re-

moved and the Board may substitute another one therefor; and may

also fill any vacancies that may occur in this list of nominees up to the

time the ballots are sent out.

Ballots Issued.

8. Not less than thirty days prior to each Annual Convention,

the Secretary shall issue ballots to each voting member of record in good

standing, with a list of the several candidates to be voted upon, with

the names arranged in alphabetical order when there is more than one

name for any office.

Substitution of Names.

9. Members may erase names from the printed ballot list and may

substitute the name or names of any other person or persons eligible for

any office, but the number of names voted for each office on the ballot

must not exceed the number to be elected at that time to such office.
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Ballots.

10. (a) Ballots shall be placed in an envelope, sealed and endorsed

with the name of the voter, and mailed or deposited with the Secretary

at any time previous to the closure of the polls.

(b) A voter may withdraw his ballot, and may substitute another,

at any time before the polls close.

Invalid Ballots.

11. Ballots not endorsed or from persons not qualified to vote shall

not be opened; and any others not complying with the above provisions

shall not be counted.

Closure of Polls.

12. The polls shall be closed at twelve o'clock noon on the second

day of the Annual Convention, and the ballots shall be counted by three

tellers appointed by the Presiding Officer. The ballots and envelopes

shall be preserved for not less than ten days after the vote is canvassed.

Requirements for Election.

13. The person? who shall receive the highest number of votes for

the offices for which they are candidates shall be declared elected.

Tie Vote.

14. In case of a tie between twp or more candidates for the same

office, the members present at the Annual Convention shall elect the offi-

cer by ballot from the candidates so tied.

Announcement.

15. The Presiding Officer shall announce at the convention the

names of the officers elected in accordance with this Article.

First Nominating Committee.

16. Except as to the Past-Presidents, the first Nominating Commit-

tee and the three additional Directors provided for shall be appointed

by the Board of Direction, one of the Directors for one year, one for

two years and one for three years.

ARTICLE VII.

Duties of President.
management.

1. (a) The President shall have general supervision of the affairs

of the Association, shall preside at meetings of the Association and of

the Board of Direction, and shall be ex-officio member of all Commit-

tees, except the Nominating Committee.
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(b) The Vice-Presidents, in order of seniority, shall preside at

meetings in the absence of the President and discharge his duties in

case of a vacancy in his office.

Duties of Treasurer.

2. The Treasurer shall receive all moneys and deposit same in the

name of the Association, and shall receipt to the Secretary therefor. He

shall invest all funds not needed for current disbursements as shall be

ordered by the Board of Direction. He shall pay all bills, when properly

certified and audited by the Finance Committee, and make such reports

as may be called for by the Board of Direction.

Duties of Secretary.

3. The Secretary shall be, under the direction of the President and

Board of Direction, the Executive Officer of the Association. He shall

attend the meetings of the Association and of the Board of Direction,

prepare the business therefor, and duly record the proceedings thereof.

He shall see that the moneys due the Association are collected and without

loss transferred to the custody of the Treasurer. He shall personally

certify to the accuracy of all bills or vouchers on which money is to

be paid. He is to conduct the correspondence of the Association and

keep proper record thereof, and perform such other duties as the Board

of Direction may prescribe.

Auditing of Accounts.

4. The accounts of the Treasurer and Secretary shall be audited

annually by a public accountant, under the direction of the Finance

Committee of the Board.

Duties of Board.

5. The Board of Direction shall manage the affairs of the Associa-

tion, and shall have full power to control and regulate all matters not

otherwise provided in the Constitution.

Board Meetings.

6. The Board of Direction shall meet within thirty days after each

Annual Convention, and at such other times as the President may direct.

Special meetings shall be called on request, in writing, of five members of

the Board. •

Board Quorum.

7. Seven members of the Board shall constitute a quorum.

Board Committees.

8. At the first meeting of the Board after the Annual Convention,

the following committees from its members shall be appointed by the
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President, and shall report to and perform their duties under the

supervision of the Board of Direction:

a. Finance Committee of three members.

. b. Publication Committee of three members.

c. Library Committee of three members.

d. Outline of Work of Standing Committees of five members.

Duties of Finance Committee.

9. The Finance Committee shall have immediate supervision of the

accounts and financial affairs of the Association; shall approve all bills

before payment, and shall make recommendations to the Board of Direc-

tion as to the investment of moneys and as to other financial matters.

The Finance Committee shall not have the power to incur debts or other

obligations binding the Association, nor authorize the payment of money

other than the amounts necessary to meet ordinary current expenses of

the Association, except by previous action and authority of the Board

of Direction.

Duties of Publication Committee.

10. The Publication Committee shall have general supervision of

the publications of the Association.

Duties of Library Committee.

11. The Library Committee shall have general supervision of the

Library, the property therein, and the quarters occupied by the Secre-

tary; shall make recommendations to the Board with reference thereto,

and shall direct the expenditure for books and other articles of perma-

nent value, from such sums as may be appropriated for these purposes.

Duties of Committee on Outline of Work of Standing Committees.

12. The Committee on Outline of Work of Standing Committees

shall present a list of subjects for committee work during the ensuing

year at the first meeting of the Board of Direction after the Annual

Convention.

Standing Committees.

13. The Board of Direction may appoint such Standing Committees

as it may deem best, to investigate, consider and report upon questions

pertaining to railway location, construction or maintenance.

Special Committees.

14. Special Committees to examine into and report upon any sub-

ject connected with the objects of this Association may be appointed

from time to time by the Board of Direction.
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Discussion by Non-IVIembers.

15. The Board of Direction may invite discussions of reports from

persons not members of the Association.

Sanction of Acts of Board.

.16. An act of the Board of Direction which shall have received the

expressed or implied sanction of the membership at the next Annual

Convention of the Association shall be deemed to be the act of the

Association, and shall not afterwards be impeached by any Member.

ARTICLE VIII.

Annual Convention. meetings.

1. The Annual Convention shall begin upon the third Tuesday

in March of each year, and shall be held at such place in the City of

Chicago as the Board of Direction may select.

Special Meetings.

2. Special meetings of the Association may be called by the Board

of Direction, and special meetings shall be so called by the Board upon

request of thirty Members, which request shall state the purpose of

such meeting. The call for such meeting shall be issued not less than

ten days in advance, and shall state the purpose and place thereof, and

no other business shall be taken up at such meeting.

Notification of Annual Convention.

3. The Secretary shall notify all members of the time and place of

the Annual Convention of the Association at least thirty days in advance

thereof.

Association Quorum.

4. Twenty-five Members shall constitute a quorum at all meetings

of the Association.

Order of Business.

5. (a) The order of business at annual conventions of the Asso-

ciation shall be as follows

:

Reading of minutes of last meeting.

Address of the President.

Reports of the Secretary and Treasurer.

Reports of Standing Committees.

Reports of Special Committees.

Unfinished business.
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New business.

Election of officers.

Adjournment,

(b) This order of business, however, may be changed by a majority

vote of members present.

Rules of Order.

6. The proceedings shall be governed by "Robert's Rules of Order,"

except as otherwise herein provided.

Discussion.

7. Discussion shall be limited to members and to those invited by

the presiding officer to speak.

ARTICLE IX.

Amendments. amendments.

1. Proposed amendments to this Constitution shall be made in writ-

ing and signed by not less than ten Members, and shall be acted upon in

the following manner

:

The amendments shall be presented to the Secretary, who shall send

a copy of same to each member of the Board of Direction as soon as

received. If at the next meeting of the Board of Direction a majority

of the entire Board are in favor of considering the proposed amend-

ments, the matter shall then be submitted to the Association for letter-

ballot, and the result announced by the Secretary at the next Annual

Convention. In case two-thirds of the votes received are affirmative, the

amendments shall be declared adopted and become immediately effective.



GENERAL INFORMATION.

(Subject to change from time to time by Board of Direction.)

GENERAL RULES FOR THE PREPARATION, PUBLICATION

AND CONSIDERATION OF COMMITTEE REPORTS.

(a) appointment of committees and outline of work.

standing Committees.

L The following are Standing Committees

:

I. Roadway.

II. Ballast.

III. Ties.

IV. Rail.

V. Track.

VI. Buildings.

VII. Wooden Bridges and Trestles.

VIII. Masonry.

IX. Signs, Fences and Crossings.

X. Signals and Interlocking.

XI. Records and Accounts.

XII. Rules and Organization.

XIII. Water Service.

XIV. Yards and TerminaTfe.

XV. Iron and Steel Structures.

XVI. Economics of Railway Location.

XVII. Wood Preservation.

XVIII. Electricity.

XIX. Ccnservation of Natural Resources.

XX. Uniform General Contract Forms.

XXI. Economics of Railway Operation.

XXII. Economics of Railway Labor.

Special Committees.

2. Special Committees will be appointed from time to time, as may

be deemed expedient, in the manner prescribed by Article VII, Clause

14, of the Constitution.

The following are Special Committees

:

Stresses in Railroad Track.

Standardization. ^

28
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Personnel of Committees.

3. The personnel of all Committees will continue from year to

year, except when changes are announced by the Board of Direction.

Ten per cent, of the membership of each Committee shall be changed

each year.

Members of committees who do not attend meetings of committees

during the year or render service by correspondence will be relieved and

the vacancies filled by the Board at the succeeding Annual Convention.

Outline of Work.

4. As soon as practicable after each Annual Convention the Board

of Direction will assign to each Committee the important questions

which, in its judgment, should preferably be considered during the cur-

rent year. Committees are privileged to present the results of any

special study or investigation they may be engaged upon or that may be

considered of sufficient importance to warrant presentation.

General ^^^ preparation of committee reports.

5. The collection and compilation of data and subsequent analysis

in the form of arguments and criticism is a necessary and valuable pre-

liminary element of committee-work.

Collection of Data.

6. Committees are privileged to obtain data or information in any

proper way. The Secretary will issue circulars of inquiry, which should

be brief and concise. The questions asked should be specific

and pertinent, and not of such general or involved character as to

preclude the possibility of obtaining satisfactory and prompt responses.

They should specify to whom answers are to be sent, and should be in

such form that copies can be retained by persons replying either by

typewriter or blueprint.

Plan of Reports.

7. Committee reports should be prepared as far as practicable to

conform to the following general plan

:

(a) It is extremely important that every Committee should examine

its own subject-matter in the "Manual" prior to each Annual Convention,

and revise and supplement it, if deemed desirable, giving the necessary

notice of any recommended changes in accordance with Clause 6 (a) of

the General Rules for the Publication of the "Manual." If no changes

are recommended, statement should be made accordingly.
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(b) When deemed necessary, the previous report should be reviewed.

(c) Subjects presented in previous reports on which no action

was taken should be resubmitted, stating concisely the action desired. It

may not be necessary to repeat the original text in the report, reference

to former publication being sufficient, unless changes in the previously

published version are extensive. Minor changes can be explained in the

text of the report.

Definitions.

(d) Technical terms used in the report, the meaning of which is

not clearly established, should be defined, but defined only from the

standpoint of railway engineering.

History.

(e) If necessary, a brief history of the subject-matter under dis-

cussion, with an outline of its origin and development, should be given.

Analysis.

(f) An analysis of the most important elements of the subject-

matter should be given.

Argument.

(g) The advantages and disadvantages of the present and recom-

mended practices should be set forth.

Illustrations.

(h) Illustrations accompanying reports should be prepared so that

they can be reproduced on one page. The use of folders should be

avoided as much as possible, on account of the increased expense and in-

convenience in referring to them. Plans showing current practice, or

necessary for illustration, are admissible, but those showing proposed

definite design or practice should be excluded. Recommendations should

be confined to governing principles.

Illustrations should be made on tracing cloth with heavy black lines

and figures, so as to stand a two-thirds reduction; for example: To come

within a type page (4 inches by 7 inches), the illustration should be made

three times the above size.

To insure uniformity, the one-stroke, inclined Gothic lettering is

recommended.

Photographs should be clear and distinct silver prints.

Conclusions.

(i) The conclusions of the Committee which are recommended for

publication in the Manual should be stated in concise language, logical
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sequence, and grouped together, setting forth the principles, specifications,

definitions, forms, tables and formulas included in the recommendation.

Portions of the text of the report which are essential to a clear inter-

pretation and understanding of the conclusions, should be included as

an integral part thereof.

(C) PUBLICATION OF COMMITTEE REPORTS.

Reports Required.

8. (a) Reports will be required from each of the Standing and

Special Committees each year.

(b) Although several subjects may be assigned to each Committee

by the Board of Direction, a full report on only one subject is expected

at each Annual Convention, but the preliminary work on some of the

remaining subjects should be in progress, and, when deemed advisable,

partial reports of progress should also be presented. This method allows

time for their proper preparation and consideration.

Date of Filing Reports.

9. Committee reports to come before the succeeding convention for

discussion should be filed with the Secretary not later than November

30th of each year.

10. Committees engaged upon subjects involving an extended investi-

gation and study are privileged to present progress reports, giving a

brief statement of the work accomplished, and, if deemed expedient, a

forecast of the final report to be presented.

Publication of Reports.

11. Committee reports will be published in the Bulletin in such

sequence as the Board of Direction may determine, for consideration at

the succeeding convention. Reports will be published in the form pre-

sented by the respective Committees. Alterations ordered by the conven-

tion will be printed as an appendix to the report.

Written Discussions.

12. Committees should endeavor to secure written discussions of

published reports. Written discussions will be transmitted to the

respective Committees, and if deemed desirable by the Committee, the

discussions will be published prior to the convention and be considered

in connection with the report.

Verbal Discussions.

13. Each speaker's remarks will be submitted to him in writing

before publication in the Proceedings, for the correction of diction and

errors of reporting, but not for the elimination of remarks.
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Seauence *-"-^ consideration of committee reports.

14. The sequence in which Committee reports will be considered by

the convention will be determined by the Board of Direction.

Method.

15. The method of consideration of Committee reports will be one

of the following:

(a) Reading by title.

(b) Reading, discussing and acting upon each conclusion sep-

arately.

(c) By majority vote, discussion will be had on each item.

Clauses not objected to when read will be considered

as voted upon and adopted.

Final Action.

16. Action by the convention on Committee reports will be one of

the following, after discussion is closed:

(a) Receiving as information.

(b) Receiving as a progress report.

(c) Adoption of a part complete in itself and referring re-

mainder back to Committee.

(d) Adoption as a whole.

(e) Recommittal with or without instructions.

(f) Adoption as a whole.

(g) Recommendation to publish in the Manual.

Note.—An amendment which affects underlying principles, if adopted,

shall of itself constitute a recommittal of such part of the report as

the Committee considers affected.

The Chair will decline to entertain amendments which in his opinion

lie entirely within the duties of the Editor.

(e) publication by technical journals.

The following rules will govern the releasing of matter for publica-

tion in technical journals:

Committee reports, requiring action by the Association at the annual

convention, will not be released until after presentation to the conven-

tion ; special articles, contributed by members and others, on which no

action by the Association is necessary, are to be released for publication

by the technical journals after issuance in the Bulletin; provided, appli-

cation therefor is made in writing and proper credit be given the Asso-

ciation, authors or Committees presenting such material.
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Title.

\. The title of the vohime will be "Manual of the American Railway

Engineering Association."

2. The Board of Direction shall edit the Manual and shall have

authority to withhold from publication any matter which it shall con-

sider as not desirable to publish, or as not being in proper shape, or as not

having received proper study and consideration.

Adoption of Reports Not Binding.

3. Matters adopted by the Association and subsequently published

in the Manual shall be considered in the direction of good practice, but

shall not be binding on the members.

Contents.

4. The Manual will only include conclusions relating to definitions,

specifications and principles of practice as have been made the subject of

a special study by a Standing or Special Committee and embodied in a

Committee report, published not less than thirty days prior to the Annual

Convention, and submitted by the Committee to the Annual Convention,

and which, after due consideration and discussion, shall have been voted

on and formally adopted by the Association. Subjects which, in the

opinion of the Board of Direction, should be reviewed by the American

Railroad Association, may be referred to that Association before being

published in the Manual.

5. All conclusions included in the Manual must be in concise and

proper shape for publication, as the Manual will consist only of a summary

record of the definitions, specifications and principles of practice adopted

by the Association, with a brief reference to the published Proceedings

of the Association for the context of the Committee report and subsequent

discussion and the final action of the Association.

Revision.

6. Any matter published in the Manual may be amended or with-

drawn by vote at any subsequent Annual Convention, provided such changes

are proposed in time for publication not less than thirty days prior to

the Annual Convention, and in the following manner: (a) Upon recom-

mendation of the Committee in charge of the subject; (b) upon recom-

33
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mendation of the Board of Direction
;
(c) upon request of five members,

made to the Board of Direction.

7. The Manual will be revised either by publishing a new edition or

a supplemental pamphlet as promptly as possible after each Annual Con-

vention.
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PROCEEDINGS

The object of this Association is the advancement of knowledge pertaining to the scientific

and economic location, construction, operation and maintenance of railways.

Its action is not binding upon its Members.

TUESDAY, MARCH 18, 1919

MORNING SESSION

The Twentieth Annual Convention of the American Railway Engi-

neering Association was called to order by the President, Mr. C. A Morse,

Assistant Director of Operation, United States Railroad Administration,

at 9:45 a. m.

The President :—The Twentieth Annual Convention of the American

Railway Engineering Association will please come to order.

The first business in order is the reading of the Minutes of the last

Annual Meeting. Inasmuch as these Minutes are quite voluminous and a

copy has been furnished to each member, the Minutes will be considered

approved unless there is objection. There being no objection, the Min-

utes stand approved as printed.

The privileges of the floor arc extended to any railway oftkials pres-

ent who are not members of the Association, and to professors of col-

leges and universities, and they arc cordially invited to take part in the

discussion.

We will extend that invitation still further and include manufactur-

ers. We want anyone to get up who has anything to say on the subject.

The second order of business is the President's Address. Before

starting that, I have an idea there are a lot of you would like to know
what has become of the American Railway Engineering Association in

connection with the negotiations which have been going on among the

railroad associations, and in connection with a letter I sent out last Spring,

and of which matter there has been a partial explanation sent out in one

of the Bulletins. I want to say that the American Railway Engineering

Association has retained its identity, but it has made a working arrange-

ment with the newly-organized American Railroad Association by which

the American Railway Engineering Association will do work in connec-

tion with construction and maintenance as part of the Engineering Section

of that Association. In other words, instead of that Association organiz-

ing committees to do just what our committees are doing, it has been

decided that after the committees of the American Railway Engineering

Association have made their report at this Convention, these reports will

be presented to the Fall Meeting of the American Railroad Association,

with, if possible, the action of this convention on these committees' re-
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ports, and it is felt that they will thereby be strengthened by the action of

the American Railway Engineering Association Convention.

1 would like to call attention to another point. In a letter that was

sent out by the United States Railroad Administration to the Regional

Directors, and through them to the Federal Managers, coming from the

Director of Operation, he not only asked that the members of this Asso-

ciation and officials and employees of the railroads that were interested

in maintenance, and could be spared from their other duties, be permitted

to attend this Convention, but he added : "and take part in the discus-

sions, and see the exhibit of railway appliances which is to be held."

Therefore, you people have not only the duty of attending the ses-

sions of the Convention, but you are expected to take part in the discus-

sion, and you also are expected to attend the exhibit of the Railway Ap-

pliance Association, and make the boys feel good down there by looking

over their exhibits.

PRESIDENT'S ADDRESS.

This is the Twentieth Annual Convention of this Association, and if

we look back over the period covered by the life of the Association,

and see the changes that have taken place in the physical character of

the railroads of the country, we recognize that this covers a period of

general reconstruction of our railroads, and of maintenance methods

and requirements. This has been caused by the effort upon the part of

the railroads to satisfy the demands of the public for better passenger

service, more prompt freight service, better station facilities, and, coupled

with this, greater safety to the traveHng public and to employees.

Not only was the public making demands for better service and

improved facilities, but about the same time there spread over the coun-

try a wave of anti-railroad legislation, and anti-railroad feeling, that

resulted in the reduction of rates by legislative acts, or commission

orders ; a marked increase in railroad taxes, and a demand for all man-

ner of expenditures by the railroads for the benefit of the public, such

as elevation of tracks in cities, electrification of terminals, separation of

grades, viaducts over railroad tracks in cities—all of which called for

large expenditures with little or no earning power.

The result of all of this has been strenuous efforts on the part of

the railroads to devise economies in methods of operation which would

permit them to meet these conditions and continue to pay their fixed

charges and dividends to their stockholders.

The prosperous condition of the country during this period with the

resulting increase in business helped them to meet these conditions for

a while, but in spite of increased business and increased operating effi-

ciency, radical changes in equipment and roadway became necessary to

keep down operating expenses.

First came the larger locomotives and cars, with increased axle loads,

too heavy for the track and roadway provided up to that time. This
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called for heavier rail and fastenings, more ties to the rail, and for

ballast to support the track; this, in turn, called for wider embankments,

wider cuts, better drainage, and stronger bridges. The object of the

heavier locomotive being to haul more freight, which meant more cars

;

this called for the lengthening of passing tracks, and rebuilding of

terminal yards to hold the longer trains. Increasing the size of the

locomotive meant increasing length, which in turn called for longer

turntables and transfer tables, larger engine houses and longer pits in

locomotive repair shops.

The larger locomotive with its increased steaming capacity made it

necessary to treat the natural water for boiler use, necessitating the

rebuilding of water stations. Along with these changes came the need

for improved coaling stations and cinder handling devices, and the en-

larging and rebuilding of power plants.

In this reconstruction of the railroads the American Railway En-

gineering Association has played an active part; its organization, cover-

ing as it does the whole American continent, has been able to bring

together men of a great variety of experience and to put out from time

to time recommendations for the guidance of those having this work to

do, based upon this experience.

That its efforts have met with success is shown by the fact that its

Manual of Recommended Practice is to-day the ready reference book of

all Railroad Engineers and Maintenance officials, and during the late

War was so recognized by the Government, who ordered over twenty-

eight hundred copies of the Manual for the use of its Railroad and
Engineer officers.

The Association now has about 1400 active members, about one

thousand of whom are in the employ of railroads, the balance compris-

ing ex-railroad officials, Professors of Engineering, Consulting En-
gineers, and Engineers employed by companies manufacturing or han-

dling railroad supplies.

One hundred and thirty-seven members of the Association entered

the Army and Navy during the War, most of them as volunteers in the

railroad and engineer regiments; two died in the service, both from
disease—Captain L. V. Manspeaker died of pneumonia while in training

in this country, and Lieut.-Col. Hiram J. Slifer died of the same disease

contracted while in a hospital on account of injuries caused by the de-

railment of a motor car, while on active duty in France.

There were a number of other members of the Association that were
in Government service during the War, but were not in uniform.

We have reason to be proud of the war record of the Association.

The American Railway Engineering Association has made an enviable

reputation as a live, up-to-date organization, and its methods of con-

ducting work are recognized as productive of the best results, and they

are obtained largely from the fact that it is a voluntary association, its

members joining because they are intensely interested in the work, and
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desirous of helping to arrive at results that will benefit them in their

daily duties.

We have up to this time only attempted to give recommended prac-

tice. If we could through some means insure the carrying out of these

practices, great results would be secured.

The arrangement by which this Association is to work in closer

connection with the American Railroad Association should assist in

securing more imiform practice by the railroads who are members of

that Association.

It would be a great step forward if that Association would establish

standards that would be mandatory instead of recommendatory.

We have only started on the work that should be done by the Amer-

ican Railway Engineering Association. We have the big end of it ahead

of us. We are to have a report from the Track Committee at this con-

vention, giving recommendations for standard frogs and switches, which

report has been approved by a committee of the manufacturers' associa-

tion ; in other words, the Engineer and the manufacturer have gotten

together and agreed upon plans that combine the manufacturers' point

of view, and that of the user. I hope this will lead to a more extended

practice of bringing the manufacturer into the conference. It must mean

greater economy in the manufacture of the article.

We, as Engineers, have been too prone to make plans without ref-

erence to shop practice. The result being unnecessary cost, with noth-

ing to show for it.

It is to be regretted that many of the larger railroads do not follow

all of the recommendations of this Association, notwithstanding the fact

that the Engineers of these roads have taken an active part in perfecting

such recommended practices. A campaign should be started to see if

we cannot get our recommendations adopted by all of the railroads, and

especially by those whose Engineers are members of the Association.

We should see what railroads there are whose Chief Engineers are

not members of the Association, and make an effort to induce them to

join, and to take an active interest in the work.

The Chief Engineer, as a rule, recommends the standards for

maintenance of roadway and structures, and if we can get him inter-

ested in American Railway' Engineering Association standards it will be

an easy matter to have them adopted.

In the matter of forms for reports and records in connection with

maintenance of way and structures, there is at present no uniformity of

practice among the different railroads.

Our Committee on Records and Accounts has prepared certain

forms for recording maintenance of way information ; some are used

by some railroads, but I doubt if they are all used on any railroad.

The matter of a standard set of forms for such reports is one that

requires attention and following up.

I have had occasion during the past six months to try and secure
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various maintenance of way information from the railroads, and have

been surprised at the lack of such information in shape to be furnished

readily by the majority of the roads. Upon looking into the matter 1

have found that the rules of accounting as issued by the Interstate Com-
merce Commission were prepared from an accountant's point of view,

and they evidently consulted no one familiar with maintenance of way
matters, the result being that they stop in their instructions before they

get down to enough detail to insure such uniformity as will give a

proper comparison between different railroads of the various items that

would be of great value in analyzing maintenance expenditures. A study

of this matter should be made by our Committee, and forms and instruc-

tions compiled that will give such information.

Much has been printed regarding details of cost of maintenance of

equipment, and costs are fairly well known for certain items ; but when
we get below cost per mile for maintenance of way, we find nothing, and

when we see the variation in accounting details, we realize that the fig-

ures given out of cost of maintenance per mile are absolutely valueless

for comparison as between railroads. With maintenance of way and
structures costing from 14 per cent, to 20 per cent, of the total cost of

operation, there should be such records kept as will permit of greater

study of detailed costs.

Of the information now called for by the Interstate Commerce Com-
mission, little or no use is made ; it is not even tabulated, and if one

wants to use anj' of it, he has to go to the individual railroad reports filed

in their office and dig it out, one railroad at a time.

There should be someone in the employ of the Commission to handle

this information, who knows something about maintenance matters, and
who could say what information should be secured, and who could prop-

erly analyze the information and tabulate same for the use of the rail-

roads.

Our Committee is best qualified to handle this matter properly, and

when it has reached its conclusions, we should ask the Interstate Com-
merce Commission to add to its instructions, so as to give the results that

the Committee on Records and Accounts decide desirable. I want to

emphasize the fact that Maintenance of Way and Structures has been

made the tail-end of railroad operation too long, and that there is more
opportunity to perfect economies in that department than in any other,

for the reason that it has had no standing in court.

It has been the idea that anyone could handle Maintenance of Way,
whether he knew anything about it or not. It has been handled along the

lines of the old saying, "Let the sectionmen do it; it costs nothing to

have them do it."

With the increase in the cost of labor there must be an awakening

olt'-the subject of maintenance methods. There should be a carefully

wprked-out maintenance program prepared by every railroad, and fol-
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lowed—instead of the haphazard manner in which it is handled at the

present time.

There are many things in the way of lack of uniformity in practices

of railroads that should be corrected, and one of these is the rail section.

The subject of a properly-designed rail section has been a live one for

thirty years, it having been the subject of a study and report of a com-

mittee of the American Society of Civil Engineers, later of a commit-

tee of the American Railway Association, and it has been a subject of

special study by the Rail Committee of this Association for the past ten

years, and recommendations were made to, and approved by, the Ameri-

can Railway Association about two years ago of but seven sections be-

tween the weights of 70 lbs. and 130 lbs. per yard, and yet there are being

ordered and rolled to-day about fifty different sections of rail between

these weights and there are twelve different sections of 100-lb. rail being

rolled. I believe that it is thoughtlessness and a lack of knowledge of

this vast assortment of sections of rail that is the cause of this situation,

and I hope we will all look into this matter on our respective railroads

and see if we cannot get them to change to the American Railway Asso-

ciation standard rail sections.

There is another practice that is, if anything, more absurd and un-

necessary than the variety in rail sections, and that is the variation in

drilling of rail. We should all make an effort to get the drilling recom-

mended by this Association adopted by the railroad with which we are

connected. The Rail Committee this year have been investigating the

vertical location ; the spacing longitudinally was recommended several

years ago.

Variation in drilling of rails also affects joints, making it necessary

to have joints drilled differently for each railroad's needs, thus requiring

them to be made to order.

With standard rail sections and uniform drilling, joints could be car-

ried in stock by the manufacturer, and supplied as required, thus per-

mitting them to be manufactured in bulk at odd times, the same as other

standard shapes.

There is a horror on the part of the railroads of making changes,

but when we consider that good practice calls for new joints on all re-

layer rail laid in main lines to-day, and that this rail is either sawed or

reroUed, thus calling for new drilling, and when thought is given to how
soon we change out all the main line rail on a division, there is nothing

to prevent a change in sections being made at any time.

This variation in drilling, and much of the variation in rail sections,

illustrates one of the weaknesses of the Engineer.

The word "Design" has been one of his hoodoos—-to be able to say

that he had "designed something' has been his one great ambition; fos-

tered to some extent by some of the older engineering societies, who in

their requisites for membership lay great stress on ability to design, and

it has been with the idea that he was designing something that the Engi-

neer has developed so many variations in rail sections and drillings.



BusinessSession. 43

The same thing applies to many other classes of material. There is

no reason why turntables and girder spans for bridges should not be

standardized for different loadings, and the shapes and angles carried in

stock.

We should seek to commercialize as many articles used regularly by

the railroads as possible, in order to permit their manufacture as stock

articles in slack times, thus saving in the cost of manufacture, in the

time required for delivery, and reducing materially the work in the draft-

ing room.

The Engineer has been developing rapidly during the past twenty

years, and to a great extent it has been due to the broadening effect of

meeting and rubbing up against his fellow-engineers in such associations

as the American Railway Engineering Association.

He was formerly inclined to think that he was an especially trained in-

dividual, who through that training had acquired all the knowledge there

was on engineering subjects, and that between his head, his books, and his

pencil he must, of course, produce the exactly correct thing.

He was inclined to feel that ability to execute, or to consider ques-

tions from a business standpoint, was non-professional, and, therefore, en-

tirely foreign to his work.

When occasionally an Engineer broke away from this idea he was

referred to, and even referred to himself, as a "practical Engineer." The

very fact that to-day we seldom hear the term applied is a silent tribute

to the broadening out of the Engineer as a whole. The idea also pre-

vailed that to be an Engineer a man must be a shark in mathematics and

a wizard in the laws of mechanics.

This was due probably to the fact that up to the middle of the last

century colleges provided only classical or literary courses, the majority

of graduates taking up law, medicine or theology; occasionally some man
who was apt in mathematics or the natural sciences took up Engineering.

With the advent of schools of science and engineering came scientific

courses in the older colleges, and to-day probably seventy-five per cent, of

the graduates from colleges and scientific schools have taken a scientific

course, and as a result, instead of mathematics and mechanics being

known bj^ few, the}' are common property. Therefore, they are not con-

fined to Engineers, and to define an Engineer as one especially trained in

mathematics and the laws of mechanics is a misnomer.

The events of the past four years have been the means of introduc-

ing the Engineer to the world at large, and it has discovered that, in-

stead of being some kind of a scientific specialist, required occasionally

but called upon as seldom as possible, that he is a person with real red

blood, and that when Uncle Sam got into trouble, he called upon the En-

gineers, and lots of them, to not only start the work for him, but to fur-

nish the sinews of war, and the skill to use those sinews, with the result

that the Engineer to-day needs no introduction; the world knows him.
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and he will take his proper place in the world's work. He has come out

of his shell, and is in the limelight, and if he does not stay there, it is his

own fault.

The events of the past four years have brought about another change

that will be far-reaching, and will affect the Engineer and his work.

The gathering together of nearly four million soldiers from all stations in

life, and the fact that when these men were put in uniform and trained

for soldiers, it was not a question of education, family connections, or

financial conditions that counted, but the man, and when it was shown

that there were equally good men measured by courage and manliness

developed from one class as another, it opened the eyes of all to the fact

that, measured by the standard of red blood and physical ability, class dis-

appeared, with the result that they will all return with greater respect for

mankind.

But those who, owing to environment, were laborers and obliged to

put up with poor living conditions, will wonder why, having proven them-

selves as good soldiers, they should not share the product of their en-

deavors. Fortunately the man of means and education, who was asso-

ciated with them as soldiers, is sure to agree with them.

The very fact that when clothed, housed and fed alike they produced

the same results is proof that if paid fair wages, furnished with proper

living quarters and surroundings, including good food, properly cooked

and served, they will be equally good citizens. Environment is what gives

a man or takes from him his self-respect. When he loses his self-respect,

he loses his ambition, and with that gone, he becomes only a machine.

President Beatty, of the Canadian Pacific, in a talk to a class of stu-

dent apprentices, recently stated that a man from his head down was

worth two dollars and fifty cents per day, and whatever more he was

worth depended upon what he had in his head. Self-respect is one of the

things that is located in a man's head and makes him ambitious, and takes

him out of the mere machine class.

Many of these men are handicapped by not being able to read the

English language, and having little or no education in any language.

There is a popular movement under way to arrange night schools for

these men, whereby they may improve themselves. It is felt that if they

can be provided comfortable quarters, where they can keep clean and

have a place to read or amuse themselves after work, that many will

gladly take the opportunity if offered them.

This is a part of what is known as the Americanization scheme, and

as so large a proportion of the floating labor element is employed on

public works, and as to-day the Engineer is the one who plans all of the

large industrial plants, this problem of Americanization of foreign labor-

ers is being checked up to the Engineers.

Frances A. Kellor, assistant to Chairman, Immigration Committee,

Chamber of Commerce of the United States, in an article in the Engi-

neering News for April 12, 1917, says, "The coming executive in charge
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of industrial relations management in America's great industries will be

the executive with engineering training, who can handle men as well as

materials. * * * The question is, will the Engineer be ready for his wid-

ening opportunity for handling men, and will the engineering colleges ap-

preciate the demand in time to give us the necessar>' trained executives?"

She says, further on, "Where do we find ourselves to-day in handling

labor? All the way from the ditched box-car, vermin-ridden and disease-

laden, housing workmen neglected and isolated, at one end of the scale,

to the Ford plant at the other."

We note that in the popular mind the treatment of maintenance of

way laborers is put at the bottom of the ladder.

We have made some advances during the past two or three years to-

ward improving this situation on the railroads. We must go at it on a

much larger scale, not from a humanitarian point of view onlj- but from a

business point of view.

The high wage has come to stay, and it should be the aim of everyone

to try and give as much for the high wage as can be given. Whatever is

given cheer fullj' is as a rule a benefit to the giver, rather than an injury.

What we must try to do is to improve the surroundings, the frame of

mind and the physical condition of the worker, so that he gives in in-

creased efficiency, because he wants to do so, and because he is interested

in the work he is doing.

We note, also, that with the coming of the Engineer into the lime-

light there comes increased responsibilities, and it is up to the Engineer to

accept them and show that he is able to assume them.

It is evident now that we have separated the Engineer from the bar-

nacles to which he was attached, that he is just human, and that the quali-

fications for success are the same as for a banker, manufacturer, con-

tractor or any other businessman.

He has in the past often been peeved because he was not chosen for

appointment to public positions where engineering experience would be

of value. With the Engineer taking the same interest in pujjlic affairs as

do businessmen in general, he will be chosen for such positions. The
same thing applies to executive positions on the railroads. The past few

years has seen many Engineers chosen for executive offices.

Now to the young Engineers I want to say a word ; don't think more
about your wages than your work. When you get more interested in the

salary question than in your work, you have lessoned your value, both to

yourself and the railroad.

If you are not interested in your work, you are out of luck, and you

had better make a change, and get into something in which you can be

interested. I can imagine no greater drudgery than to be obliged to work

just to put in the time and get the money at something in which a man
is not interested. If all you think about is money, you had better go into

the banking business. Your life is what you choose to make it—pleasant
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and enjoyable, or sordid and selfish—the former if you take an interest

in your work, the latter if all you think about is the size of your pay

check.

Taking it for granted that you are interested in your work, and pos-

sibly have specialized on some particular part of it, I want to suggest that

you do not specialize too long—a general experience is more valuable in

the end.

The man that has an all-around experience is more apt to be chosen

for the higher positions than the one who has specialized only on some

one thing. You all want to get ahead, or you should, not for the increased

salary, which is always very acceptable, but the satisfaction of knowing

that you are making a success.

The requisites for success are the same in all classes of business.

There are ten of them that I have in mind. They are

:

Good Judgement—often termed "Horse Sense;"

Application

;

Diplomacy—often referred to as "Tact;"

Executive Ability;

Nerve

;

Push;

Sticktoitiveness—which means, don't be a "Quitter;"

Integrity—commonly exemplified in "Honesty" and

"Fairness;"

A Thick Skin;

A Pleasant Smile.

A thick skin would save a great deal of trouble for so-called sensitive

men, who imagine they are being imposed upon, when no one had any

such intentions.

A pleasant smile is the password to welcome and friendship—from

your superior, your equal or your inferior in rank. No one likes a grouch

or a crepehanger, or wants him around if they can help it. While every-

one likes to have the man around who greets him with a smile and a

pleasant word.

Don't be afraid to be pleasant to the man working under you; he

won't take advantage of it other than to be glad to go out of his way to

do some favor to you.

There is nothing that so well defines the qualifications of the success-

ful Engineer as the last two verses in "The Engineer's If," a parody on

Kipling's "If," by Colonel Robert Isham Randolph, in which he says

:

"If you can climb a stool and not feel lowly.

Nor have your head turned by a swivel chair,

If you can reach your judgment slowly,

And make your rulings always just and fair,

If you can give yourself and all that's in you,

And make the others give their own best, too,

If you can handle men of brawn and sinew.

And like the men, and make them like you, too;
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"If you can't boast a college education,
Or, if you've got a sheepskin, can forget;

If you get a living wage for compensation.
And give a little more than what you get

;

If you can meet with triumph and disaster,

And treat them without favor, nor with fear;
You'll be a man, and your own master,

But, what is more, you'll be an Engineer."

(Applause)

The President :—The next order of business is the report of the

Secretary and of the Treasurer.

Secretary E. H. Fritch presented the following reports

:

REPORT OF THE SECRETARY

To the American Railway Engineering Association:

The following report on the general affairs of the Association for the

past year is respectfully submitted

:

Membership.

Number of members last annual report 1387

Admitted during the year 97

Deceased 13

Withdrawals 22 35

Net gain for the year 62

Total Membership 1449

Members in Military Service.

One hundred and thirty-seven members of the Association were en-

rolled in the military service of the United States, Great Britain and the

Canadian Expeditionary Forces.

Lieutenant-Colonel Hiram J. Slifer died in France, February 3, 1919.

Deceased Members.

The losses by death during the year were as follows

:

James Boyd John C. Nelson
W. A. Cowan John Howe Peyton
D. W. Cronin a. a. Robinson

C. P. Hammond Lieut.-Col. Hiram J. Slifer

W. A. Moncure a. Bromley Smith
Augustus Mordecaj A. C. Spencer

Carl Stradley
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Finances.

By reference to the Financial Statement it will be noted that the

Total Receipts during the calendar year ending December 31, 1918, were

$37,540.88; Disbursements, $31,176.17; Excess of Receipts over Disburse-

ments, $6,364.71.

The dues of members in military service were remitted by the Board

of Direction to the amount of $1,739.00.

The Association has participated in the various war loans to the ex-

tent of $12,000—$11,000 being invested in United States Liberty Loans

and $1,000 in the Canadian Victory Loan.

Publications.

The usual number of Bulletins and the annual volume of the Pro-

ceedings were issued during the year.

The demand for the various publications of the Association shows a

gratifying increase.

It is especially gratifying to record that the War Department of the

LInited States Government during the year purchased 2,818 copies of the

Manual of the Association for the use of the United States Army.

A liberal discount was given the Government on this large order.

Committee Reports.

Notwithstanding the unusual conditions prevailing during the year,

the various committees have presented for your consideration reports of

great interest and value.

Respectfully submitted,

E. H. Fritch,^

Secretary.



Business Session. 49

FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1918

Balance on hand January 1. 1918 $30,894.48

RECEIPTS.
Membership Account

Entrance Fees $ 530.00

Dues 6,694.50

Subscription to Bulletin 6,694.50

Binding Proceedings and Manual 707.31

Badges 26.00

Sales of Publications
Proceedings 1,089.20

Bulletins 724.75

Manual ....; 8,665.83

Specifications 88.55

Leaflets .^ 44.20

General Index 1,286.75

Advertising
Publications 2,281.00

Interest Account
Investments 1,601.01

Bank Balance 98.04

Annual Meeting
Sales of Dinner Tickets 786.00

Miscellaneous 266.09

American Railway Association
Rail Committee 5,957.15

Total $37,540.88

DISBURSEMENTS.
Salaries $ 6,038.00

Proceedings 4,830.54

Bulletins 6,983.97

Manual 1,728.55

General Index 26.00

Miscellaneous Stationery and Printing 473.15

Rents 1,165.01

Light 26.10

Telephone and Telegrams 125.27

Equipment 25.80

Supplies 286.69

Expressage 438.32

Postage 904.27

Exchange 47.11

Taxes 18.45

'

Committee Expenses 100.00
Annual Meeting Expenses 1,108.95

Audit 100.00

Refund of Dues Account Military Service, etc. .

.

324.00
War Work Campaign Contribution 250.00
Miscellaneous 175.69

Rail Committee 6,000.30

Total $31,176.17
Excess of Receipts over Disbursements. $ 6,364.71

Balance on hand, December 31, 1918. $37,259.19

Consisting of:
Bonds $ 35.065.6.5
Cash in S. T. & S. Bank 2.168.54
Petty cash in Secretary's office 25.00

. ,
$37,259.19
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STRESSES IN TRACK FUND.

Balance on hand, January 1, 1918 $2,688.97

Received from Interest during 1918 58.42

$2,747.39

Disbursements:

Salaries $1,055.47

Transportation 48.33

Hotel and Meals 85.30

Telephone and Telegrams 3.00

Supplies 77.59

Postage 10.00

Expressage 6.35 $1,286.04

Balance on hand in Standard Trust and Savings Bank.
December 31, 1918 $1,461.35

Respectfully submitted,

BOARD OF DIRECTION.

REPORT OF THE TREASURER
Balance on hand January 1, 1918 $30,894.48

Receipts during 1918 $37,540.88
Paid out on audited vouchers during 1918.... 31,176.17

Excess of Receipts over Disbursements $ 6,364.71

Balance on hand December 31, 1918 $37,259.19

Consisting of:
Bonds $ 35,065.65
Cash in S. T. & S. Bank 2,168.54
Petty cash in Secretary's office 25.00

$37,259.19

STRESSES IN TRACK FUND.

Balance on hand January 1, 1918 $ 2,688.97

Received from Interest during 1918 ..... 58.42

Total $ 2,747.39

Paid out on audited vouchers during 1918 $ 1,286.04

Balance on hand December 31, 1918 $ 1,461.35

The securities listed above are in a safety deposit box of the
Merchants' Loan & Trust Safe Deposit Company, Chicago.

Respectfully submitted,

GEO. H. BREMNER,
Treasurer.

I have made an audit of the accounts of tiie American Railway

Engineering Association for the year ending December 31, 1918, and

find them in accordance with the foregoing financial statements.

CHARLES CAMPBELL.
Auditor.
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GENERAL BALANCE SHEET.
December 31, 1918.

ASSETS.
1918. 1917.

Due from Members $2,495.35 $2,817.85

Due from Sales of Publications 1,823.94 1,421.17

Due from Advertising 400.00 440.00

Due from A. R. A. (Rail committee) 470.98 431.66

Furniture and fixtures (Cost) 997.40 997.40

Gold Badges 51.00 67.50

Publications on hand (estimated) 6,000.00 6,000.00

Extensometers 500.00 500.00

Investments 35,065.65 29,065.05

Interest on investments (accrued) 711.96 828.15

Cash in Standard Trust and Savings Bank 2,168.54 1,803.83

Petty cash Fund 25.00 25.00

Total $50,709.82 $44,398.21

LIABILITIES.

Members' Dues paid in Advance $2,053.50 $1,371.50

Impact Test Fund on Electrified Railways 285.46 285.46

Advertising Paid in Advance 120.00 75.00

Surplus 48.250.86 42,666.25

Total $50,709.82 $44,398.21
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The President :—Gentlemen, you have heard the report ; have you any

comment to make upon it? If not, it stands approved.

The next is the reports of the Standing and Special Committees.

The first report is from the Committee on Signals and Interlocking, Mr.

J. A. Peabody, Chairman. Will the Committee please come forward.

(For report, see pp. 327-372; discussion, pp. 807-815.)

The President :—We will now take up the report of the Committee

on Signs, Fences and Crossings. Mr. Strouse, the Chairman of this Com-
mittee, is not here, and Mr. Crumpton will present the report.

(For report, see pp. 85-99; report received as information and prog-

ress.)

The President :—We will now take up Report No. XIX, on Conserva-

tion of Natural Resources, Mr. R. C. Young, Lake Superior & Ishpeming

and Munising Railroads, Chairman.

(For report, see pp. 101-117; discussion, pp. 816, 817.)

The next report to be read is the report of the Track Committee.

This is a pretty important report, and we rather expect a good deal of

discussion on it. We have little time left before noon, so we will bring it

up this afternoon as the first report. We will adjourn until two o'clock.

AFTERNOON SESSION

President Morse called the meeting to order at two o'clock.

The President:—The first business at this session will be the report

of Committee V, on Track, Mr. W. P. Wiltsee, of the Norfolk & Western

Railroad, Chairman.

(For report, see pp. 65-84; discussion, pp. 818-825.)

(At this point the President introduced Mr. James P. Davis, of the

United States Treasury Department, who delivered a short address on

"Thrift.")

The President :—The report on Records and Accounts will be pre-

sented by the Chairman, Mr. W. A. Christian, of the Bureau of Valuation,

Interstate Commerce Commission.

(For report, see pp. 407-409; discussion, pp. 826-830.)

The President:—In the absence of both the Chairman and Vice-

Chairman, the report on Rules and Organization will be presented by Mr.

VV. H. Rupp.

(For report, see pp. 749-751; discussion, p. 831.)

The President :—The report on Economics of Railway Labor will be

presented to you by Mr. E. R. Lewis, Chief Engineer of the Duluth,

South Shore & Atlantic Railroad. Mr. Lewis will indicate what action

the Association is expected to take on the report.

(Vice-President Earl Stimson in the Chair.)

(For report, see pp. 756-804; discussion, pp. 832-836.)

EVENING SESSION

At the evening session, Mr. R. H. Ford, Principal Assistant Engineer,

Chicago, Rock Island & Pacific Railroad, on behalf of the Committee on
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Economics of Railway Labor, presented a series of lantern slides illus-

trative of the "Use of Labor Saving Devices," with brief descriptions of

each device.

Mr. M. H. Wickhorst, Engineer of Tests of the Rail Committee, pre--

sented a series of lantern slides with verbal descriptions of "The Develop-

ments in the Study of Transverse Fissures."

Following the presentation of the slides, there was informal discus-

sion of both subjects.

(The meeting adjourned to 9:30 a. m. Wednesday.)

WEDNESDAY, MARCH 19, 1919

MORNING SESSION

(Vice-President Earl Stimson in the Chair.)

Vice-President Stimson :—The report of the Committee on Wood
Preservation will be submitted by the Chairman, Mr. C. M. Taylor, Sup-

erintendent of Timber Treating Plants, Philadelphia & Reading Railroad.

Mr. Taylor will make the introductory statement and indicate to the con-

vention what action should be taken in reference to this report.

(For report, see pp. 119-158; discussion, pp. 837-842.)

Vice-President Stimson :—Mr. B. H. Mann, Signal Engineer, Mis-

souri Pacific Railroad, Chairman of the Committee on Yards and Ter-

minals, will present the report of that Committee.

(For report, see pp. 411-430; discussion, pp. 843-853.)

Vice-President Stimson :—The report of the Committee on Electric-

ity will be presented by the Chairman, Mr. E. B. Katte, Chief Engineer

Electric Traction, New York Central Railroad.

(For report, see pp. 193-205; discussion, pp. 854-857.)

Vice-President Stimson :—The report on Ties will be presented by

the Chairman of the Committee, Mr. F. R. Layng, Engineer Track, Bes-

semer & Lake Erie Railroad. Mr. Layng will please make the usual pre-

liminary statement and indicate what action is to be taken on the report.

(For report, see pp. 226-238; discussion, pp. 858-863.)

Vice-President Stimson:—Professor A. N. Talbot, Chairman of the

Committee on Stresses in Railroad Track, will present to you the report

of that Committee and outline briefly what disposition is to be made of

the report.

(For report, see pp. 215, 216; discussion, pp. 864-866.)

Vice-President Stimson :—The polls for the election of officers will

close at 12 :00 o'clock noon to-day. The Chair will appoint as tellers to

count the votes cast, Messrs. A. M. \'an Auken, Chairman ; W. F. Ogle,

H. H. Harsh, W. T. Dorrance, W'. H. Gardner, Jr., W. L. Darden. The

Secretary will turn over the ballots to the tellers at the close of this

meeting and they will retire to the anteroom and be prepared to make

their report before the adjournment of the afternoon session.
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AFTERNOON SESSION

(Vice-President Earl Stimson in the Chair.)

Vice-President Stimson :—The report of the Committee on Buildings

will be presented to you by Mr. M. A. Long, Assistant to Chief Engineer,

Baltimore & Ohio Railroad. Mr. Long will make the customary introduc-

tory statement and outline briefly the action to be taken.

(For report, see pp. 207-214; discussion, pp. 867-870.)

Vice-President Stimson :—Mr. H. E. Hale, Group Engineer, Presi-

dents' Conference Committee, Chairman of the Committee on Ballast,

will indicate to the convention what action is to be taken on the report of

the Ballast Committee.

(For report see, pp. 373-406; discussion, pp. 871-873.)

Vice-President Stimson :—In the absence of both the Chairman and

Vice-Chairman of the Roadway Committee, Mr. W. P. Wiltsee, Assistant

to Chief Engineer, Norfolk & Western Railroad, will present the report

of that Committee.

(For report, see pp. 159-192; discussion, pp. 874-881.)

Vice-President Stimson :—The report of the Rail Committee will be

submitted to you by the Chairman, Mr. G. J. Ray, Engineering Assistant

to Regional Director, United States Railroad Administration.

(For report, see pp. 445-647; discussion, pp. 881-888.)

Vice-President Stimson :—The Tellers appointed at the morning ses-

sion have filed their report, and the Secretary will read it.

Secretary Fritch read the following report of the Tellers

:

REPORT OF TELLERS
To the American Railway Engineering Association:

Your Tellers, appointed to canvass the votes cast for officers of the

Association for the ensuing year, report as follows

:

President:

Earl Stimson 638 votes

C. F. Loweth 1 vote

Vice-President:

J. A. Atwood 633 votes

C. E. Lindsay 4 votes

L. A. Downs 1 vote

Treasurer:

George H. Bremner 631 votes

R. H. Ford 1 vote

Secretary:

E. H. Fritch .634 votes

Directors (Three to Be Elected)

:

...
C. F. Loweth 365 votes

F. L. Thompson 280 votes

Hadley Baldwin 256 votes

H. T. Porter 218 votes

F. E. Turneaure 198 votes
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E. B. Temple. 180 votes
Geo. A. Mountain 171 votes

J. C. Mock 1 19 votes

J. A. Peabody 94 votes
W. M. Dawley 1 vote
E. R. Lewis 1 vote

Nominating Committee (Five to Be Elected)

:

C. F. W. Felt 458 votes

G. J. Ray 449 votes

J. R. W. Ambrose 342 votes
D. T. Brumley 310 votes
H. E. Hale 305 votes

A. W. Newton 302 votes
Maurice Coburn 279 votes
E. A. Hadley 229 votes
Louis Yager 177 votes
W. L. Darden 1 vote .

A. L. Grandy 1 vote
H. N. Rodenbaugh 1 vote

Respectfully submitted,

A. M. Van Auken, Chairman;
W. L. Darden,
W. T. DORRANCE,
W. H. Gardner, Jr.,

H. H. Harsh,
W. F. Ogle, Tellers.

(The meeting adjourned to 9:30 a. m. Thursday.)

THURSDAY, MARCH 20, 1919

MORNING SESSION

(Vice-President Earl Stimson in the Chair.)

Vice-President Stimson :—The first business this morning is the con-

sideration of the report of the Committee on Iron and Steel Structures.

The report will be presented to you by the Chairman, Mr. O. E. Selby,

Principal Assistant Engineer, Cleveland, Cincinnati, Chicago & St. Louis

Railroad.

(For report, see pp. 649-694; discussion, pp. 889-902.)

Vice-President Stimson :—The next report to be considered is that of

the Committee on Masonry. Mr. F. L. Thompson, Chief Engineer of the

Illinois Central Railroad, Chairman of the Committee, will present the

report. Mr. Thompson will make the customary mtroductory statement.

(For report, see pp. 695-748; discussion, pp. 903-908.)

Vice-President Stimson :—Mr. A. F. Dorley, Engineer Maintenance,

Missouri Pacific Railroad, Chairman of the Committee on Water Service,

will present the report of that Committee and indicate what action is to

be taken.

(For report, see pp. 277-326; discussion, pp. 909-911.)
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AFTERNOON SESSION

(Vice-President H. R. Safford in the Chair.)

Vice-President Safford:—The report of the Committee on Wooden
Bridges and Trestles will be submitted to you by the Chairman, Mr. W.
H. Hoyt, Assistant Chief Engineer, Duluth, Missabe & Northern Rail-

road.

(For report, see pp. 239-275; discussion, pp. 912, 913.)

Vice-President Safford :—Mr. E. H. Lee, President of the Chicago &
Western Indiana Railroad, Chairman of the Committee on Uniform Gen-

eral Contract Forms, will indicate to you what disposition is to be made
of the report of that Committee.

(For report, see pp. 217-225; discussion, pp. 914, 915.)

Vice-President Safford :—The next report to be considered is that of

the Committee on Economics of Railway Operation. The report will be

presented by Col. F. W. Green, Chairman. Col. Green has been "over

there" and has just returned to this country. We doubly welcome him.

(Applause.)

(For report, see pp. 431-443; discussion, pp. 916-918.)

Vice-President Safford :—The Chair will impose on the good nature

of Col. Green by asking him if he will not give us a few minutes' talk

on the observations which he was able to make in his service abroad.

Col. F. W. Green :—Mr. Chairman and Gentlemen :—I went over as

Captain of the Twelfth Engineers. We left New York on July 28th and

arrived at Liverpool August 12, 1917. We went to a camp in Southern

England, where we remained three days, and marched through the streets

of London on August 15th. That was the first time that any armed

troops, under a foreign flag, had marched through the streets of London

since the time of William the Conqueror, in 1066. Much was made of

that fact by some of the historians. There were several regiments of

Engineers. I was in the first regiment behind the band. I happened to

have Company A and the impressions I received on that march I will

never forget.

It will be recalled at that time, which was immediately following the

capture of the Chemin de Dames by the Germans, where Gen. Neville

suffered casualties amounting to 180,000 men, that the morale of both

the French and English nations was at a very low ebb. We discovered

later on that we were marching through London for the purpose of up-

building and strengthening the morale of the English people. I saw
some sad sights there. On numberless occasions I saw old men with

tears streaming down their faces and giving us a most pathetic, but never-

theless hearty, welcome. An old lady came up to me—evidently she was a

person in rather straightened circumstances—and told me she had lost

seven sons, who were now sleeping under the poppies in Flanders, and
she had one more son to give, and he was then in service, and she
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was willing to give him if Germany could be beaten. That seemed to be

the situation throughout England.

When we got to France we found the French in the same mood

—

that cold, stern determination to fight it out. They felt that the United

States had gotten into the war too late, but nevertheless they were deter-

mined to fight it out, and said they would fight until the last man was

killed, and then, everybody being killed, they would avoid the humiliation

of a surrender to the Germans. They felt that w-ay and you could feel it

in the atmosphere. They felt that way and 30U could feel it also.

Later on when we got better acquainted with our English friends

they told us we had gotten into the war too late to be of any real benefit.

I was at the front for only ten weeks, and others who have been there

longer can give you perhaps a much more intelligent account of what

took place there. Service at the .front is very interesting and fa.scinat-

ing, something that I do not believe anyone would ever forget. I think

it makes a man a better man to have served at the front—to have seen

this splendid spirit of sacrifice and of devotion to a common cause.

At the end of ten weeks I was transferred to the Transportation

Department, because I had some transportation experience, and sent down
to open up the Port of Brest. I was the first U. S. Army officer at the

Port of Brest assigned there under army orders. The Port of Brest was

decided on as a port of debarkation, not because of its climate, but solely

because it was the only deep-water harbor in France where vessels like

the Leviathan, the Olympic, the Aquitania, the George Washington, the

Mt. Vernon, and vessels of that character, could find sufficient depth of

water.

Other boards had been sent to Brest to reconnoiter the situation and

each recommended adversely against Brest. I happened to be a member
of the Fourth Board, and we decided that we would make a similar rec-

ommendation, but temper it with the statement that if the exigencies of

the situation became so imperative as to require the use of Brest, that it

could be used, but it would never be convenient or comfortable from the

standpoint of the men who arrived and left on ships there. The climate

is bad—it rains about 313 days in the year. There is lots of mud, the

rest camp is about three miles away from the dock, and the prevailing

winds are southwesterly, the humidity is great and Brest is not a com-
fortable place.

Incidentally, I maj- say that, in my opinion, this is the cause of so

much complaint that you have read in the papers lately about Brest. Its

climatic conditions are bad. While the Army has done what could be

done in the circumstances to make the port as comfortable as possible,

it is not wholly comfortable and never will be, because of the climatic

limitations of which I speak.

After being at Brest for eight months I was transferred to St.

Nazaire, the largest cargo port in the A. E. F. It has handled more
heavy tonnage thar, any other port. We unloaded a total of 1,389
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locomotives there. There is very little else of interest in connection with

the operations at St. Nazaire, except that the work was arduous and un-

remitting.

We succeeded on the day of the armistice not only in having enough

subsistence and supplies to take care of the Army of two million men
who were there, but we had a 90-day supply in storage at the warehouses

in the base ports, and the warehouses in the intermediate and advance

sections. That was considered rather surprising by our Allies—they

thought the ship situation was so desperate that we would be hampered

on account of a shortage of ships, but instead of the ships being the

limiting factor, it became the French railroads.

The French railroads, roughly speaking, were able to take about one-

third of the tonnage which we were able to discharge from the ships into

the interior of France. Towards the last the limiting factor was not the

ship situation—the bridge of ships, as the expression was—but the in-

ability of the French railways to handle the tonnage, ^nd as the Germans
retired the lines of communications of the Allies became longer and this,

of course, increased the length of the haul, and gradually the transporta-

tion situation became worse instead of better, notwithstanding the fact

that the Transportation Department of the A. E. F. had anticipated that

situation and had put into the common pool of cars about 70 new U. S. A.

cars per day, and they had contributed some 1,400 locomotives.

It is rather difficult to describe in a few minutes just what the prob-

lem was over there—the conditions were so entirely different that il

cannot be described in a few words, but it was the largest enterprise I

ever had any connection with, and, in fact, it surprised all of us who
were privileged to take part in it to see how it developed, how it grew,

and how it became orderly from the original chaos and disorder which

always characterizes a new operation starting out with new men with

diverse thoughts and strange experiences.

Just a word as to the Engineers. Notwithstanding the romance and

glamour which has characterized the descriptions by some of our maga-

zine writers as to the war, the French and British General Staff officers,

with some of whom I came in contact in my relations with the work,

have always stressed the fact that this war was an "Engineers' War," and

I am inclined to believe that is true. Everywhere where anything impor-

tant was to be done, was to be planned or to be executed, it was always

found that the Engineers were called upon to meet the situation, and I

am sure you will be glad to know that the Engineers somehow and in

some way always met the situation and solved it.

The French and the British were very high in their praise of the

work done by all of our Engineering organizations, and I want to take

this occasion to say that I have the very highest and most profound re-

gard and admiration for the ability of both the French and British Engi-

neers. They approach their problems a little differently from the manner

in which we approach ours. They are more particular and perhaps a
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little more roundabout in making designs. Nevertheless, they get the

same results. They are superior to us in many ways, I think, in planning

and we are superior to them in many ways in execution.

I think all the American Engineers, and we have a good many of

them who stood rather high in the Engineering profession in the States,

who were over there, and with whom I have talked, have felt that their

experience in comparing notes and by rubbing up against the French and

British Engineers has been very helpful to them and that they have been

very much aided and developed by the experience.

There is another thing which may seem strange to you. In my talks

with the French Engineers—my work brought me in almost daily contact

with some of them, especially those of the Pons et Chaussees—I used to

ask them if they read any Engineering literature published in America,

and I never found one who was not a regular reader of the Proceed-

ings of the American Railway Engineering Association. In their estima-

tion the American Railway Engineering Association is the outstanding

and prominent Engineering Association in the United States.

I asked them if they did not read the proceedings of the American

Society of Civil Engineers or the American Society of Mechanical Engi-

neers, or the other Engineering Societies. They said that they received

these, but for some reason or other the publications of the American

Railway Engineering Association seemed to contain matter which had

been more thoroughly considered and was of a less controversial char-

acter than the matter in some of the other proceedings.

I come back to the United States prouder of my membership in the

American Railway Engineering Association than I ever was before. I

think that is about all I have to say. (Applause.)

Vice-President Saflford :—In the absence of the Chairman, the report

of the Committee on Economics of Railway Location will be presented

by the Vice-Chairman, Mr. C. P. Howard, of the Bureau of Valuation,

Interstate Commerce Commission.

(For report, see pp. 752-755; discussion, pp. 919-923.)

Vice-President Safford :—The reports of Standing and Special Com-
mittees having been disposed of, the next order of business is "New Busi-

ness." Has any member anything to oflfer under the heading of "New
Business?"

Mr. C. E. Lindsay (U. S. R. A.) :—Mr. Chairman, I have the follow-

ing resolution to offer

:

"Resolved, That the members of the American Railway Engineering
Association, in convention assembled, desire to place on record their ap-

preciation of the admirable manner in which this convention has been
presided over by Mr. C. A. Morse, and for the efficient administration of
the affairs of the Association during his occupancy of the presidential

chair.

"Resolved, That a copy of this resolution be spread on the Minutes of

this meetmg and an engrossed copy be presented to Mr. Morse."
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(The resolution was put to vote and carried unanimously.)

Mr. Lindsay :—I offer the following resolution :

"Resolved, That we deplore the absence, by reason of illness, of our
beloved President from some sessions of our convention.

"Resolved, That we express to him and his wife our great sympathy
and our heartfelt hope for his speedy and complete recovery and return
to our fellowship and service."

(The resolution was put to vote and carried unanimously.)

Mr. E. A. Frink (Seaboard Air Line) :—Mr. Chairman, I desire to

offer the following resolutions :

"Resolved, By the American Railway Engineering Association, in con-
vention assembled, that its thanks are hereby extended to

—

"Hon. Atlee Pomerene, Rev. George Adam and Robert J. Gary, Esq.,
for their excellent addresses at the Annual Dinner on the evening of
March 19th.

"To the Ghairmen, Vice-Ghairmen, and members of the several Gom-
mittees for their labors during the past year and for valuable reports pre-
sented to the meeting.

"To the Committee on Arrangements for the splendid manner in

which the arrangements for this convention have been carried out.

"To the Technical Press for courtesies extended during the year and
also during the convention.

"To the National Railway Appliances Association for the comprehen-
sive and instructive exhibit of railway devices used in the construction,
operation and maintenance of railways."

(The resolution was put to vote and carried unanimously.)

Mr. W. D. Faucette (Seaboard Air Line) :—Mr. Chairman, the

question was asked here on the first day of the convention by the Presi-

dent as to how many members had read these Committee reports, and

the answers regarding the one under discussion were almost unanimous

that it had not been read or had been little read.

During the war period there is no doubt that it has been very diffi-

cult to get these reports in the hands of the Secretary promptly, but it

seems to me that it would be of the greatest measure of benefit to all

the membership if we could get these reports printed and in the hands

of the members in sufficient time to read and analyze them. There are

several hundred pages of technical matter involved, and this reading is

not casual—considerable of it is technical. If we want to get the benefit

of the committee-work, and have live discussions, the members must

have time to read these Bulletins carefully.

In my case, and I do not know how many members have had the

same experience this year, but I received one copy about four weeks
ago, two copies about 48 hours before I left Norfolk, and the last copy

I never did receive before reaching Chicago. It seems to me that those

who have the giving of directions in this matter this year might well in-

sist on the committees bringing in their reports in time for submission in

print to the several members for their careful reading.

In the General Rules for the publication of these reports, it is stated

in paragraph 9, as follows

:
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"9. Committee reports to come before the succeeding convention for

discussion should be filed with the Secretary not later than November

30th of each year."

While I presume the committees this past year did the best they

could, it is to be observed that a great many of these reports bear date

subsequent to January 1, 1919. I only mention this because I know in my
own case, if I got these reports at least 40 days before the March meet-

ing it would be of great benefit to me, and I believe likewise to others.

Vice-President Saff^ord:—As there is no further new business, the

Secretary will read the result of the election of officers.

Secretary Fritch ;—The result of the election of officers for the en-

suing year is as follows

:

President—Earl Stimson.

First Vice-President—H. R. Saflford.

Second Vice-President—J. A. Atvvood.

Secretary—E. H. Fritch.

Treasurer—George H. Bremner.

Directors—C. F. Loweth, Hadley Baldwin, F. L. Thompson.

Members Nominating Committee—C. F. W. Felt, G. T. Ray, J. R. W.
Ambrose, H. E. Hale, D. J. Brumley.

Vice-President Safford :—The Chair will appoint Mr. Sullivan and

Mr. Lindsay to escort the President-Elect to the platform. (Applause.)

Vice-President Safford :—Mr. Stimson, I feel it an honor, in the ab-

sence of President Morse-—because it is an honor to represent in this

capacity a man who, by reason of illness, is not able to be present, but

whom we admire so much—I feel it a double pleasure because I am
tendering the office of President to you as a very warm friend, and I

know I speak the voice of the entire body when I say that we feel you

are well fitted to take up the responsibility of this office. I warn you that

you are following a line of splendid men who have held this office. You
are taking the office at a time which I believe is probably the most inter-

esting that has ever confronted this body, but we have no doubt of your

ability to carry us through and you may be sure wc stand ready to help

you in all ways and at all times. (Applause.)

President-Elect Stimson :—Gentlemen : I regret the unfortunate cir-

cumstance that made it necessary for Mr. Safford to perform the installa-

tion ceremony. We all do. I will have the happy privilege next year of

returning the courtesies of Mr. Safford. I will remember all the kind

words said to me, and I will make the most of my opportunity to repay

him in full and with interest, and it will be a very pleasant and a very eas^-

thing to do.

The work that faces this Association is greater probably than that which

has confronted us in any other year. We have assumed responsibilities

and obligations to the American Railroad Assoociation with which we
have become affiliated in our great work of Railway Engineering and

Maintenance.
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I wish to request that all the committee chairmen get after their work

early this season. The personnel of the committees will go out within a

few days, and as soon as the Chairman receives his assignment and the

list of his committeemen, I hope he will call a meeting of his committee

and organize for the work of the committee and prosecute it vigorously.

While I think the work done by these committees this year has been

very good, it will not go next year. We must do better. We have had

interesting reports. However, some of the committees have not made
reports of constructive value and subjects have been referred back to

the committees for further consideration. I am sure that the Association

I have mentioned will not be so lenient. In fact, the tip has been given

to me that they want what they want when they want it, and that when
that Association gives us something to do we must go ahead without de-

lay and submit a definite and conclusive report.

I appreciate highly the honor you have conferred on me in electing

me President of your Association, which I consider the highest honor

that the railway engineering profession has within its gift. With your

help, which I know I have, I intend to make my administration measure

somewhat up to the very high standard set by my predecessors. (Ap-

plause.)

President Stimson :—If there is no further business, the Twentieth

Annual Convention will stand adjourned sine die.

The Twenty-first Annual Convention of the American Railway Engi-

neering Association will be held at the Congress Hotel, Chicago, March
i6, 77 and 18, ig20.

E. H. Fritch,

Secretary.
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REPORT OF COMMITTEE V—ON TRACK.

VV. p. WiLTSEE, Chairman; H. A. Lloyd,

M. C. Blanchard, J. R. Leighty,

Geo. H. Bremner, F. H. McGuigax, Jr.,

Garrett Davis, J. V. Neubert,

P. D. Fitzpatrick, R. M. Pearce,

G. W. Hegel, H. T. Porter,

T. H. HicKEY, J. H. Reixholdt,

T. T. Irving, E. M. Rhodes,

J. B. Jenkins, J. B. Strong,

Committee.

To the American Railway Engineering Association:

Your Committee on Track respectfully submits its report to the Twen-

tieth Annual Convention.

The following subjects were assigned jour Committee by the Board

of Direction

:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes, giving special attention

to specifications for tie-plates.

2. Report on typical plans of turnouts, crossovers, slip-switches and
double crossovers, and prepare detail plans for such work, including such
incidentals as tie-plates, rail braces, riser plates, etc., conferring with

Committee on Signals and Interlocking.

3. Report on reduction of taper of tread of wheel to 1 in 38 and
on canting the rail inward.

4. Report on test of tie-plates subject to brine drippings.

5. Report on specifications for relayer rail for various uses.

6. Consider the advisability of reducing allowable flat spots on
freight car wheels, collecting data as to damage done by flat spots.

7. Report upon the effect of fast trains upon the cost of maintenance
of way and equipment.

COMMITTEE MEETINGS,

Meetings of the whole Committee were held in Chicago on June 6

and September 19, and in Cincinnati on December 9, in addition to the

meetings held by the various Sub-Committees. The meeting held in Chi-

cago on September 19, as well as several meetings of Sub-Committee

No. 2, were joint meetings with the Standardization Committee of the

Manganese Track Society.

(1) REVISION OF MANUAL.

In Appendix A attention is called to a number of changes in the

Manual that the adoption of the plans submitted under Subject No. 2

will necessitate. It is not thought desirable to make definite recommen-

dations as to these changes until after the adoption of the plans.

65



66 Track.

(2) TYPICAL PLANS OF TURNOUTS, CROSSOVERS, SLIP-

SWITCHES AND DOUBLE CROSSOVERS AND DETAIL
PLANS FOR SUCH WORK.

In Appendix B the Committee submits detail plans as per instructions

and recommends their adoption under the heading of "Conclusions."

These plans are the result of the study and the cooperation of jour Com-
mittee and the Switch and Frog Manufacturers of the Manganese Track

Society.
^

(3) REDUCTION OF TAPER OF TREAD OF WHEEL TO 1 IN 38

AND ON CANTING THE RAIL INWARD.

In Appendix C the Committee reports on this subject and submits

the matter as information, in addition to the report the Committee made
on the same subject and printed in the Proceedings of 1918.

(4) TEST OF TIE-PLATES SUBJECT TO BRINE DRIPPINGS.

The Committee has continued its investigations, but on account of

the unsettled conditions, during the past year has been unable to obtain

reliable data in connection with its tests now being made on the tracks

of the Chicago Junction Railwaj- at Chicago. The Committee expects

to start' new tests during the current year.

(5) SPECIFICATIONS FOR RELAYER RAIL FOR VARIOUS
USES.

The Committee has prepared a specification for relayer rail for

various uses, but it is not ready for submitting to the Association. There-

fore the Committee can only report progress on this subject.

(6) REDUCING ALLOWABLE FLAT SPOTS ON FREIGHT CAR
WHEELS.

In Appendix D the Committee reports on this subject, and recom-

mends that the report be received as information and referred to the

Master Car Builders' Association with the recommendation that the allow-

able limit of flat spots be fixed at 1^ inches.

(7) EFFECT OF FAST TRAINS UPON COST OF MAINTENANCE
OF WAY AND EQUIPMENT.

The Committee can only report progress on this subject.



Track. '_ 67

CONCLUSIONS.

Your Committee makes the following definite recommendations to the

Association

:

Received as Progress Report.

Subject (3) Report on reduction of taper of tread of wheel to 1

in 38 and on canting rail inward.

For Adoption and Publication in Manual.

Subject (2) Plans for frogs and switches, as follows

:

Plan No. 101—16' 6" split-switch with uniform risers.

Plan No. 102—16' 6" split-switch with graduated risers.

Plan No. 103—11' 0" split-switch with uniform risers.

Plan No. 104—11' 0" split-switch with graduated risers.

Plan No. 201—Details of split-switch fixtures (General).

Plan No. 202—Details of split-switch fixtures (Special features).

Plan No. 203—Detail of split-switch fixtures, heel plates and turn-

out plates.

Plan No. 210—Illustration bills of material for 11' 0", and 16' 6"

split-switches, in accordance with plans Nos. 101, 102, 103

and 104.

Plan No. 301—No. 6 rigid frog.

Plan No. 302—No. 7 rigid frog.

Plan No. 303—No. 8 rigid frog.

Plan No. 304—No. 10 rigid frog.

Plan No. 401—No. 10 spring rail frog.

Accept as Information.

Subject (6) Report upon the advisability of reducing allowable flat

spots on freight car wheels.

RECOMMENDATIONS FOR FUTURE WORK.

Your Committee recommends for next year's work

:

Continuation of Subjects (1), (2), (3), (4), (5), (7), with the addi-

tion to Subject (2) of typical plans of crossings, with detail plans of

such work.

Respectfully submitted,

The Committee on Track.
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(1) REVISION OF MANUAL.

With the adoption of the plans shown in Appendix B, it will be neces-

sary to make the following revisions in the 1915 Manual

:

The plans on pp. 169, 170 and 171 will be eliminated.

The specificatiohs for frogs, crossings and switches, pp. 172 to 181,

will need revisions in paragraphs 10, 11, 18, 38, 43, 48, 52, 53, 61 and 62.

The most important of these changes are, in throw of switch, tie

spacing at heel of joint, angle of planing chamfer cut, size of switch

rods, length of No. 6 and No. 8 rigid frogs, and material of fillers, riser

blocks and spring covers.

The revision of the tie-plate specifications was carefully considered

in connection with the specifications now being prepared by the American

Society for Testing Materials, but as that tentative specification has again

been revised, it was thought advisable to delay this matter and recom-

mend that the next Committee consider these specifications as well as

other specifications in the Manual in connection with the Committee of

the American Society for Testing Materials, and if possible decide on a

specification that has the approval of both associations.
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(2) TYPICAL PLANS OF TURNOUTS, CROSSOVERS, SLIP-

SWITCHES AND DOUBLE CROSSOVERS, WITH DETAIL
PLANS FOR SUCH WORK, INCLUDING SUCH

INCIDENTALS AS TIE PLATES, RAIL

BRACES, RISER PLATES, ETC.

Your Committee submits herewith the following detail plans, with

recommendations for adoption:

Plan No. 101—16' 6" split-switch with uniform risers.

Plan No. 102—16' 6" split-switch with graduated risers.

Plan No. 103—11' 0" split-switch with uniform risers.

Plan No. 104—11' 0" split-switch with graduated risers.

Plan No. 201—Details of split-switch fixtures (General).

Plan No. 202—Details of split-switch fixtures (Special Features).

Plan No. 203—Details of split-switch fixtures, heel plates and

turnout plates.

Plan No. 210—Illustration bills of material for 11' 0" and 16' 6"

split-switches, in accordance with plans Nos. 101, 102, 103

and 104.

Plan No. 301—No. 6 rigid frog.

Plan No. 302—No. 7 rigid frog.

Plan No. 303—No. 8 rigid frog.

Plan No. 304—No. 10 rigid frog.

Plan No. 305—Details of plates for Nos. 6, 7, 8 and 10 rigid

frogs.

Plan No. 401—No. 10 spring rail frog.

The plans will be found complete for carbon rail 11' 0" and 16' 6"

switches and for carbon rail frogs as used with switches of these lengths.

The plans were made for 100-lb. rail, but the plans and specifications

will apply for any standard rail section weighing 80 lbs. or over. The
details illustrated have been based on:

(1) 1915 Manual.

(2) Plans published in Bulletin 202 by this Committee as a

progress report, and on criticisms received on these plans.

(3) Recommendations of the Switch and Frog Manufacturers of

the Manganese Track Society.

It will be found that the plans as now submitted are much wider

in scope than those published in Bulletin 202 ; some revisions have been

made and additional details are offered to more fully cover a wider

variety of traffic conditions. No patented features have been specified,

and all details shown are recommended as being good practice established

by use in service on the railroads of America. Where alternates are

detailed the parts have been made interchangeable in so far as possible
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by giving the essential dimensions. All alternates detailed are in exten-

sive use by preference in some parts of this country.

The plans as submitted have the approval of both your Track Com-

mittee and the Switch and Frog Manufacturers .of the Manganese Track

Society, who very kindly prepared the drawings in accordance with the

desires of the Sub-Committee. If these plans are approved by the Asso-

ciation, it is recommended that further plans be prepared along similar

lines for longer switches and larger numbered frogs ; also layout plans

embodying these fixures for turnouts, crossovers, slip-switches and

double crossovers.

It has been found that there are in use at the present time not only

a great variety of styles of switch fittings, but a variety of dimensions

for the same style of fittings used on the railroads of America. The
adoption of these plans will not only make the dimensions uniform for

the same style of fittings, but will make the different styles of fittings

largely interchangeable.

Split-Switches.

Bills of Material for switches to meet different traffic conditions

can be made up as illustrated on plan 210. The layout plans of switches,

Nos. 101, 102, 103 and 104, detail the planing, tie spacing and general

arrangement, but do not specify the detail sizes of the fixtures. The

split-switch fixtures are detailed on plans Nos. 201, 202 and 203.

The Committee on Signals and Interlocking has suggested a change

in drilling of the first holes in the switch point to read 25^2" by 5" by 5"

by 5", but after a conference we were advised that the Committee on

Signals and Interlocking is not unanimous on this question and can

work to the present drilling, which is better suited to hand-thrown

switches, and the interlocking detals can be worked with the present

drilling satisfactorily; so our Committee has decided not to recommend
any change in the spacing of holes from the end of the rail specified in

the present Manual on page 179, The height of the holes, however, is

not specified in the Manual. A height of 1%" above base of rail meas-

ured on the face of reinforcing bar is recommended (see section, detail

No. 2000, on switch plans), so that the height may be uniform and the

switch clips interchangeable.

Switch Plates are detailed in two widths, 6" width and 7" width

;

the riser plates in two styles, solid base riser plates and pressed riser

plates. In the 6" width the pressed riser plates are shown of f'g" by 6"

stock; the solid base riser plates of J^" by 6" stock, under base of stock

rail ; the 7" width of ^" by 7" stock. The 7" width as specified in

the 1915 Manual is recommended for congested traffic conditions, but the

lighter 6" width is desirable for use where there are less congested traffic

conditions. The switch plates, in any case, being longer than standard tie

plates as used for tangent track, should preferably be of heavier sec-
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SECTION THROUGH THROAT BLOCK. SECTION AT >t" POINT.
SINGLE. GROOVE. FILLER.

SECTION AT )z" POINT.
double: groove filler.

ELEVATION OF POtM.

SECTION NEAR SEPARATION OF RAIL HEADS.
SINGLE GROOVE. FILLER.

SPECIFICATIONS *--

BOLTS.— TTirough Bolts 1^'dia -for ISOlb Rail and heavier.
IKt^dia bolts for Rails less than 120 lb and down fo Rails having 3'Fi3hrnj Height.
i:/»'did bolts for Rails having less ttwn^TiShmg Height, down to and includlnaSOIb. toll.

Fishing Hei^M shall be me^&ured on Vertical Center Line of Rdkl
All Through Bolts, including those in H«l Riser Block, to be Heat Treated Steel, and to have
dn Elastic Limit of not ksj than 70,000 11)5. per square jnch.and to stand cold f\a\

Bending Teat through 180" without frdctiire.

Atl Through Bolts to have tight fit dr>d tlntpa Thick Nuts.
Through Bolts to have Square Heads and Nuts with U.S.Standard Thread, fitted with
Head Locks. Hut Locks and Bevel Washers where necessary to afford squart bearing.
Suitable Washera in any case shall be placed under nuhs to bring s^me out from
Mnder Head of Rail ao that they may be tightened with a standard wrwnch

FILLERS.- Filler Blocks shall fit the Fishmg Angles and the Web of Rail for a
distance of J^'from above and belov^ the Base and Head t-cspectivcly.and shall_-,_>. .._, required Flangcway.

°'"' "" " " t Separator Blocks shall be of ^ood .quality C3rey Cast Iron,Throat Ftlkr Block
Body Filler Blocks Shall be o/ Rolled Steel

double groove section, or of ^od quality <irey Cast Iran

hey shall be fumiahed of ajnjic groove section,
,

«prn spaces A as jr>dicated by dotted tines

SECTION NEAR SEPARATION OF RAILHEADS.
DOUBLE GROOVE FILLER.

Wearing Surface equal in hardness to Rail Steel.

RIVETS.— Rivets through Point Rails shall be W less in diameter

than the through Bolts, They may be Courrteriunk.
If either Button or Cone Head Rivets an: used, Filler Blocks
must be cut out to clear.

PLATES.- Bearing Plates when required shall be ds per

Plan No,305.
LENGTHS.— Lengths of Frogs overall shall not vary more

than I*" from Len^h Specif icd, Frogs j

modified Lengths to meet Alignn-

Conditiona when Specified.

PLANING AT END
or WING RAIL

'r>i\h e ngle

: lengths
No 6 RIGID FROG

ANOLE -81 -88
PLAN N?30l
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SECTION THROUGH THROAT BLOCK. SECTION AT >^" POINT.
SINGLE GROOVE. FILLER.

SECTION NEAR SEPARATION OF RAIL HEADS.
SINGLE GROOVE. FILLER

SPECIFICATIONS :-
SOLTS.— ThTOUgh Bolts l^fl-dia for 1201b Rail and heavier.

r/ATdn bolts (or Rails les3 fhan 120 lb and down to Rails having 3" Fishing Helghf.
I '/t'dta bolts for Rails having less than .S'nshing Height, down j-o and including 60 lt>. Rail
rith\n% HeigM shall be measured on Vertical Center Lmc of Rail.
AH Through Bolts, including those in Heel R-ser Block, lo be Hea'i Treated Steel, and to have
tin Elastic Limit of not less thanTQOOO Itis. per square ineh.and to stand cold flat

Bending Test through ISQ-wllhout fractLire.

All Through Bolts to have tight fit and Extrd Thick Nuta.
Through Bolts to have Square Haads and Nuts with U.3.St<(ndard Thread, fitted witn
He«d Locks, Mul Locks and Bevel Wastiers wttere necessary to afford square bearing.
Suitable VVashers in any case shall be placed under nuts to bring same out from
under Head of Rail so that they rnay be tightened with a standard wrench

FILLERS;- Filter Blocks shall fit the Fish.ng Angles and the Web of Rail for a
d«t«nce of yi'frem above and below the Basejnd Head (-espechvely,dud shall'1 Flan^cway.

t 3epara_to'- Blocks shall be of ^ood quality Grey Cast Iron^
3I«I

Throat Filltr Block
Body Filler Blocks shall be of Rol
double .^oove section, or of fpod tiuaSii^
they xhall " ' ..... yCast h

nith e

: lengths 1

SECTION AT yz" POINT.
double: groove filler.

ELEVATION OF POINT.

SECTION NEAR SEPARATION OF RAIL HEADS.
DOUBLE GROOVE FILLER.

PLANING AT END
or WING RAIL

HEEL RISER,- Hoel Riser ahall

Flange upset to properly fit over a

Ralls or of other approved Design

on the Bases of the Heel Rails and
Wearing Surface equal in hardness to Rail St«cl

RIVETS.— Rivets through Point Ralls shall be U
u^h Bolts, They may be C

be of Stetfl Rail. Head up with
Id rest upon Bases of adjoining

that will insure a proper bearing

provide Rellad or Forged Steel

If either Bu' Cone Head Rivets

hen requiredPLATEIS.- Bearing Plates
Plan No.305.

CENGTHS.— Lengths of Fro^s overall shall not vary m
than W from Length Specified, Frogs ma> be furnished 1

modified Lengths to meet Alignment of Track, or Local

Conditiona when Specified.

No 7 RIGID FROG
ANGLE 8*-10'-18"

PLAN Nssoa
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5ECT10N THROUGH THROAT BLOCK. SECTION AT h:- POINT.
siNGUE. groove: filler.

SECTION AT Vz" POINT.
DOUBLC GROOVE FILLER.

ELEVATION OF POINT.

7

SECTION NEAR SEPARATION OF RAIL HEADS.
SINGLE groove: filler.

SPECIFICATIONS —
BOLTS.— Through Bolts iH'dia for ISOtb Rail and heavier.

IWt'dM bolts for Rails less than 120 lb and down to Rails having 3" Fishmj Height.
r/»"di* bolts for Rails having less ttianj'fishitig Height, down to and Including 60 lb Rail

riih,n% HcijM shall be measured on Vertical Center Line of Rail.
AH Through Bolts, including those in Heel Riier Blotli, +o be Heat Treated Steel, dnd to have
an Elastic Limit of ooi less Ihan 70,000 IL)5. p«i- square inch, and to stand cold flat

Bendir»gTe5t through 160" without *^rdcture.

AM Through Bolls to have tight fit and Extra Thick Nuts.

SECTION NEAR SEPARATION OF RAIL I

DOUBLE GROOVE FILLER.

HEEL RISER.- Hael Rioerahall be of Steel Rail. Head up with

Flange upset to properly fitoverand rest upon Sasca of adjoining

Rails or of other approved Dcsigh that will insure a proper bcarinj

on th< Bases of the Heel Rails and will provide Rolled or Foi^ad Steel

Wearing Surface equal in hardneasto Rail Steel.

RIVETS.— Rivets through Point Rails shall be K" l"S in diameter

They inay be Coun

PLANING
or WING

AT END
RAIL

Through Bolts to have 5qu.

I liable VVashe.
ider Head of F

Throat nilerBlocka
Body POIer Blocks sh

double groove secho

/ith

If either Button or Cone Head Rivets <:

PLATES.- Bearing Plates ^
I shall beds per

or of fpod (Quality Grey C
ed of Single Jroove s*

indicated by dotted

ill be of ^ood quality Gre> Cast

I, and in fhree lengths witti

than W from Length Specified, Frogs ma^ be furnished t

modified Lengths fo meet Alignment of Track, or Local

Conditions when Specified.

No.8 RIGID FROG
A

DECEMBtR
NOLE 7 -08
O. I9IS- PLANI NO 303
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SECTION THROUGH THROAT BLOCK. SECTION AT h." POINT.
StNGLt GROOVE FILLER.

SECTION AT yz" POINT.
DOUBLE GROOVE FILLER.

ELEVATION OF POINT

SECTION NEAR SEPARATION OF RAIL HEADS.
SINGLE. GROOVE. FILLER.

SPECIFICATIONS ;-
BOLTS.— Through Bolta 1^'dia for 120 lb Rail and heavier.

iy4rdiA bolts for Rails less than i20lbdnd down to Rails havfng 3' FiahinJ Height.
I '/Bdia bolts for Rails hiving t«S3 thdn^Tishing Hcight,down to and includingaoib. Rail,

Fijhinft He.ght shall be mMsurtd on Vertical Ctfi.ter Lme of Rail.
All Throufih Solts.indudtri^ those in Heel R.jer Block, to be Hea^ Treated Steel. dnd to have
an Elastic Limit of not less ih£n70.000 ll?3, p<;i- square inch. Jnd to stand cold Hat
Bending Test through 180' without fracture.
All Threufch Bolts to have tight fit and El^tr-a Thick Nuts.
Through Bolts to have Square Heads arid Nuts with U S.Standjrd Thread, fitted with
Head Locks Nut Locks and Bevel Washers where necessary to afford square bearing.
Suitable Wajhera in any case shall be placed under nuta to bring same oul- from
under Head of Rail so fhat thev mAv lip ti^htpned with j* -.i^nri^^ ^»»^i,

FILLERS.- Filler Blocks a)

SECTION NEAR SEPARATION OF RAIL HEADS.
. DOUBLE GROOVE FILLER.

- Heel Riser 9hBll be of Steel Rail. Head up with

Base* o( adjoining
Ralls'or of olher'approvcd Design that will insure a proper bearing

on the Bases of the Heel Rails and will provida RoUad or Forgtd Steel

Wearing Surface equal in hardness to Rail Steel.

IVETS— Rivets through Point Rails shall be W" less in diameter

than the through Bolts, They may be Countersunk.

PLANING AT END
or WIKG RAIL

If e rCone Head Rivets are used. Filler Blocka
to <

and be
• Fishing Angles t

ow the Bas.
; Web f Rait for

d Flange,
,

d Pomt Separator Blocks ah
I be of Rolled Steel in one cc

or of ffiod quality Gre> Cast h

led of Single groove 5ectio

1 Head hrspectively.dAd a

ill be of cioud quali'y Grey Cast 1

tmuous lenj.h J,.)ier siojlc or
n whenapectfied, in which case
. dnd in fhree lengths wiih

PLATES.- Bearing Plates when r«quir«d shall beds per
Plan No 305.

UENGTHS.— Lengths of Frota overall shall not vary mon
fhan W: from Length Specified, Froga may be furnished to

modified Lengths to meet Alignment of Track, or Local

No lO RIGID FROG
ANGLB 5'-43'-a9°

DECEMBER iO. 1918. PLAN Ni 304





TIE & BASE PLATES

NO. 6 FROG

©

r.-nTi^s Bolt with CskOvil Head N 0. 6 TROG"^^^^ or Square Nock Hut Lock
idCotler.

-.-,<- ]{ Section Showing Cl.p h , ,

' 3i *] <or Fa^ten.n^ sSse Hate [ A Bi

K — E-S—4^- 18"-4«— l8'-4»— 18'^4^- I8"-»I^ 18-*-- 2-3--*

NO. 8 FROG

U--2'.3'—4^- ie"->i— IB"—'U i8"-J*-ie'->^- 18 ->t- 18-4"-

NO. 10 FROG
8'—J—- 2-3--j

(.__ ji^L- 4^— laf-J"—i&i--4>-20j'--4'-zoi-4^-ioi-4.— 2'-5^-'4

I.- -£-3" la'-J'-ia"—4"- 18"-4— !•

NO.IO FROG
^^-^

Tie Plates shall be 8"Wide, Tie Plates and Base Plales shall be
'-i thick for Ralls over lOOIbs and S'thlckfor Li6hter Ralls

Base Plates and Tie Plates shall extend not less thin Z"
beyond Base of Ra.l.

5pil<e 'Holes iCi-t under Flan6e of Rail _
Tie Plates under An6le Bars to bl punched to match Angle Bar Slotting
Tie Plates shall be riveted to Base of One Rail by two V Rivets only when^so specified.

Special Tie Plates beyond Ends of Fro6s furnished only when specified for
tie plated Turnouts and when regular Tie Plates ca.nnot be used.

Tie spacinfi and platinA can be modified, when specified, to
conform to Guard Kail Equipment or other conditions.

DETAIL OF PLATES
FOR

No6,7 SANDfORICID FROGS

DECEMBER IP. 1918 PLAN Nl° 305-
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^ SECTION B-B
^ol_hole m Spring Rail For Spring Bolt- +o be \^ hi^t?
X e^* lor?^. (yj^pen Spring is used 117 AH-err?*a+e poai+ioi?.)

f^
i®i o)

ERAL Plan .

Double Groove Filler Single Groove Filler

SPECIPICATIONS.
BOLTS-Ttjrougb bolts l^dia for I201b rail and (leo.itr lid.a boH, for rail; Ictt iha^
120 1b and down +0 rail; ijo^n^ 3' fisbind tje^bt, l'^ di'a bolty for roilj ijovind Issf Ihoi ^'

li-'Abort'loS*?'!) *" Ibraoob^BolH. mdud..5°«?«l ("hcS r?,V'bWr»<;'b=«eI*'Trx!a*«d S*«»l ood t^ *bo«_loo_^
^^^^ a.,llo,*.c Limrt of not 1,55 tbon TOOOOlb, per s, .r,ol, o„d to atond a cold
flat bonding te.t tbroojb lOO" «,tbout fracture.
All tWrougb Boltj to V^ave a tidbt f.t, and extra tbick nutj.
Tbrougb Bolt J to bove Square beod; ond Nut, wiib U 5 Stood Tbreod, fitted witi; Head LoellS

in any ca^e >ball be ploced under not, to bnnj some out from under head of l?aii

50 ttjat +bcy may be t.dbtened w.tl^ a standard .vr^ncb.
fUitRS- «a,, F.ller, 5br.ll1>e of rolled 5te.l m o,e co,li,uou/ lengtl,. .iH,er Single or

filler"tnuTTht H,c"hii^n4 aJgk;"^ tbl ne'b oTroH for a°d?to™e ofa"^^' bote

^^HKL «5tR-"««rl,e" .bTSi^if^iti".' Ra," b'Jd up,"'~"?°fla'"#%i"t= p^.rly
•7^ f'*,'"^'- '«' -«t -pa' bo,e, of^djo,n,n^ro,l, or oF ntljer

^

apom^d «e,,3n tbo.

5te.'!"wL°ng°VJ"rFa"e""e',u3 „ '"ardne,?' t"'l^a°"?tr.;'l.
'"'°'"

' "°""' "^ "^''

Rivets — Riue*, tbrouab poi^t ro.15 5ball b« '/^ 1C5J 17 diameter tbarj tbe
througt, Bolt5 Tbey may be eounlerjunl,. If «itl,er- eutlop or Cone blad nv^t,
oir^ used, filler mist be out out to etear All rwet, tbroudb Ba» Plote, to b. i'd.
PUTtS-for IJo.l, over lOOlb, per yard , Plote, to be -"i-xS; and for l^aJ, lOO lb? p,
yard and less, ^"6 LenOlt? as required

LEMGTHS- LenotbS of prods overall 5V7all .7ot vary more tlyan k froni lenOtV,
SpsseiRed. Froos moy be fur^tied to modified le-gl^j to meet^al.Jnmen.^oF

ALTtRH*Tt5
—
" Spr.od' mZy be 'placKl" I'i' baoK of actual point a, »bo~n by

dotted Iir7e Looje plate, marked X, puoctpeol to matct? an^le bar ^lottm^
to be furmsbed only vrben specified-
TV?r«e tie base plate as Indicated by dotted Iiitc, may be furmsbed
wtje., speciFied-

placed or; opposite side of Frog wl^en specified.

5 Special tbin bead bolt witb

tV?ir7 Hex nut to be used when
r7ece55a'y f^or clearance.

SfeCTlON C-C. Mc+al poo+ Quardi. OaK Wood F00+ Guard. Nolo SPRING RAIL FROG
ANGLE- 5°-43-29'

1918 PLAN NS 401



tion. This should be taken into consideration in making up bills of m=
lerial, especially for tie-plated turnouts.

SWITCH Rods as specified in the 1915 Manual are recommended of
rigid style when the throwing fixtures are provided with adjustment for
wear and other causes. However, as there are a large number of throw-
ing fixtures in use that do not provide these adjustments, three details of
adjustable switch rods and clips are illustrated. The drilling in the
switch points being the same, any of the switch rod and clip details can
be applied.

Two Styles of Split Switches are Shown, one of uniform risers

and one with graduated risers. For tie-plated turnouts, where equivalent

plates and fixtures are used, the weight of material is approximately the

same for th^tvvo styles of switches.

SRii-Switch with Uniform Risers, as illustrated on plan No. 101,

is a development of the 16' 6" switch shown on page 178 in the 1915

Manual. The elevation of the switch rail is run off in the lead rails.

The heel plates have been detailed not only to provide for the run-off

of the switch elevation, but also for shoulders for both the lead rails

and the stock rails. A variable tie spacing is given so that the same

detail of plates will apply to turnouts No. 7 to 10 inclusive.

This construction provides shoulder tie plates from the heel of the

switch back to where there is sufficient spread to permit the use of stand-

ard shoulder tie plates. With this style of switch the splice bars may

be bolted up tight, and the play between the shoulders back of the switch

heel allows sufficient flexibility for the throw of the switch.

Split-Switch with Graduated Risers. Plan No. 102 details a

16' 6" spUt-switch with vertical bend in the switch rail so that the heel

joint is level with the stock rail. A heel block is illustrated with the

bolts tightened on pipe thimbles, permitting a hinge motion for the throw

of the switch. With this style of switch, the heel joint being level, addi-

tional heel or turnout plates are not required except when further tie

plating is desired, as in a tie-plated turnout. Also, with this style of

switch the equipment can be cut down to a minimum by omitting the

heel block and heel plates for a cheaper switch for emergency or light

traffic requirements. In this connection the detail of switch as adopted

by the United States War Department for the United States railways in

France is illustrated by Specification F on Plan No. 210.

Rigid Frogs.

One stvle of rigid frog is detailed on Plans No. 301. 302, 303 and 304

of Nos. 6, 7, 8 and 10 frogs, in which the flare in the wing rail is machined

from the head of the rail. This is recommended in preference to the

bent flare, as it allows the use of shorter bolts and more rigid construc-

tion.

The detail of point planing conforms to the 1915 Manual.
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The diameter of the bolts is specified to vary according to the height

of the rail.

Two approved methods of plating are illustrated on Plan No. 305.

The shorter three-tie base plate with tie plates beyond is recommended

rather than the long base plate as illustrated in the 1915 Manual. For

well-ballasted track individual tie plates throughout are recommended as

good practice.

Spring Rail Frogs.

The spring rail frog is not customarily used except on the main line.

A No. 10 frog is detailed oti Plan No. 401 to go with 16' 6" switch. The

details, however, will apply in general to frogs Nos. 8 and 11.

General Notes.

The throw of the switch is specified 4^ inches on the center line of

switch rod No. 1. This will make the throw at the point approximately

5 inches in practice, or, theoretically, 411 inches at the point of 16' 6"

switch.

The tie spacing at heel joint for the switches is shown 18 inches,

which is to be recommended rather than the wider spacing shown on Jthe

plans in the 1915 Manual.

The angle of planing chamfer cut, section No. 2000, is specified

78 deg., as the 70-deg. angle specified on page 179 in the 1915 Manual

is generally considered too abrupt and is not in common use.

The switch rods are specified in two sizes, 1" x 2^^" and 54" ^ 2J4",

as the ^"x2^" rods, as specified on page 180 in the 1915 Manual, are

considered too light to meet heavy congested traffic conditions.

The No. 8 rigid frog has been detailed 13' 0" long, instead of' 13' 6"

long, as specified on page 184 in the 1915 Manual, so that it may be sub-

stantially built and cut from 33' 0" rails. The 6 inches difference in

length is made on the heel end of the frog, and will not interfere with

theoretical alinement data for the lead.

The No. 6 rigid frog has been detailed 10' 0" long, as this length

provides ample room for splice bars. A longer frog is considered ob-,

jectionable for a sharp turnout.
|

The plans now being offered are complete in themselves and give

much fuller detail than plans previously published. It is intended that

if the plans submitted meet the general approval, the Committee will

prepare plans for other angle frogs, switches, turnouts, crossovers and

slip-switches for presentation at the next convention.

It will be noted that the frogs recommended in the Manual are 8,

11 and 16. While the Committee is not reconsidering this recommenda-

tion, it is their intention to submit, as well as plans for frogs of those

angles, also plans of Nos. 6, 7, 10 and 20 rigid frogs and No. 10 spring

frog, as there is considerable demand for frogs of these numbers.
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(3) REPORT ON REDUCTION OF TAPER OF TREAD OF WHEEL
TO 1 IN 38 AND ON CANTING THE RAIL INWARD.

Prior to 1878 the amount of coning in car and engine wheel varied.

At that time, a ratio of 1 in 38 was adopted by the Master Car Builders'

Association and this remained standard until 1907, when the Association

revised the taper to 1 in 20, the present standard. Twenty-six railroads

in the United States and Canada have reported to your Committee on this

subject and twenty-two of the twenty-six state that the standard coning of

1 in 20 is used on all their equipment. Two roads use a coning of 1 in 38

on all steel and steel-tired wheels and 1 in 20 coning on cast-iron wheels.

One road uses a coning of 1 in 38 on all equipment. Another using a

coning of 1 in 20 states that they are about to change to 1 in 38. One
road uses no taper on engine and tender wheels and a taper of 1 in 20

on passenger and freight equipment. Attached is a statement entitled

"Taper of tread of wheels used 5y various railroads and their recom-

mendations as to changing same."

Experience has shown that a certain amount of taper of tread of

wheels is necessary to reduce rubbing or slipping friction between wheel

and rail which is the cause of loss of metal from flange and tread of

wheel and from rail, instead of from rolling contact. For economical

wearing to both wheel and rail, the wheel must roll on the rail with the

least amount of rubbing and slipping and the wheel travel parallel to

the rail. The coning of the wheel and the contour of the head of rail

must give the proper contact to provide the least amount of sliding

friction.

In the past it has been the general practice of the railroads to place

the vertical axis of the rail perpendicular to the plane of the track. How-
ever, some roads have deviated from this practice, as will be explained

later, and canted the rail inward. With the standard Master Car Builders'

wheel taper of 1 in 20 and the vertical axis of rail at right angles to the

plane of track, the point of contact with the rail of A. R. A. section and

14-inch top radius is 45/64 inches inside of center of rail toward gage

side and for wheels having 1 in 38 taper and the same section of rail,

the point of contact is 23/64-in. inside of center of rail.

The Proceedings of the Master Car Builders' Association, Vol. 150,

Part 1, page 189, for 1916, states as follows concerning wheel tapers

:

"A flange thicker than the present standard has some distinct dis-

advantages. One of the strongest arguments offered for the adoption of

the present taper of tread of 1 in 20 was the opportunity afforded a pair

of wheels to move laterally until both run upon a common diameter, this

condition tending to keep flanges away from the rail, thereby not only

decreasing the flange and rail wear, but train resistance as well. Unless
the whole track structure is changed, a thicker flange would reduce or

eliminate entirely this opportunity for lateral motion."

73
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There are also several disadvantages of heavy coning, one being

that the surface of rail gradually wears to an inclined surface similar to

cone of vi^heel. In this condition, the abrasion of metal and slippage

resistance is considerably increased.

Below is a report of Dr. P. H. Dudley, Consulting Engineer on

Rails, Tires and Structural Steel, New York Central Lines, of August

30, 1918:

"Your letter of July 26, in reference to the reduction of the present

treads of wheels to 1 in 38, was received at the office during my absence.

The question is of more importance than generally realized by railroad

officials, and I am always pleased to help state some of the general facts

for consideration.

"The railroads in the United States and British North America carry

the heaviest wheel loads of any railroads in the world, yet have unad-

visedly accepted contours for their wheel treads used by the foreign

railways for much lighter wheel loads and trains.

"I have been over the European railways on three different trips to

study their rails, equipment and the reciprocal wear of each. The con-

tours of their wheel treads have an inclination of 1 in 20 for about one-

half of the width of the tread, and then a chamfer of increased inclina-

tion for the rest of the tread, but the outside did not touch the outer

corner of the rail heads on curves even with their rails inclined 1 in 20,

held in cast-iron chairs. The rail heads were worn down on gage side.

The contour of the wheel tread is similar to Fig. 33, page 45, Report No.

69 to the Rail Committee of the American Railway Engineering Asso-
ciation.

"Such a contour does not cover the entire width of the bearing surface

of our rails, but deforms our 100 and 105-lb. rail heads, which are

alike, as you will see in Figs. 29 and 30, pages 41 and 42, of the same report.

The deformed rail head is worn away below its original contour on the

gage side and the metal crowded over to the outside corner and builds

it up square. To do this, metal must be displaced in the bearing surface,

which tends to widen the gage. This is well illustrated on pages 41

and 42.

"The contours of the rail heads and also the wheel treads in position

and their contacts on the rail heads are indicated just as they occurred.

The areas of contact were taken on thin copper sheets under the loco-

motive and coal car wheels and are shown in Figs. 28 and 31. The
locomotive had just come from the shop and the wheel treads were in good
condition and smooth. (See Report No. 69, for rolling contacts and
plotted measurements, pages 44 and 46.)

"The deformation of the rail heads to such contours shows that the

majority of wheels concentrated their loads on the gage side instead of

distributing them over a wide space of the bearing surface of the rail

heads, which, as you know, is not the best practice. The concentrated

wheel loads on the rail heads abrade the metal much faster than would
be the case under a less intensity of pressure by the greater distribution

of the wheel load to the metal of the rail head.

"The wheel treads with the chamfered outer portions, as shown in

Fig. 33, page 45, wear the low rails on the curves hollow and crowd
the flange of the opposite wheel against the rail head, causing severe

flange abrasion, and quite as objectionable, increased train resistance.

This type of contour on low new rails on the curves crowds the metal to

the outside so severely that many split heads have occurred before the
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metal in the bearing surface has been rolled, toughened and consolidated

b)' the passing wheel loads.

"Inclining the rail head 1 in 20 with such wheel contours, the angle

of the chamfer of the wheel tread runs against the top bearing surface

of the low rail, forcing the flange of the opposite wheel on the axle

against the inside of the outer rail head, as already described, and on
long curves limits the car loads which the locomotives can draw. A
number of complaints have been made to me the past few weeks about
the increase in train resistance on curves, the locomotives often stalling

with freight trains using the present M. C. B. contours on cast-iron

wheels, which must be expected for the reasons already explained. It

is probable that these features are not yet understood by operating rail-

road officials.

"The contours of the wheel tread should practically cover the rail

head on the bearing surface and distribute the wheel loads vertically to

the rail section. Then the rail head would wear over the entire width
on top as occurred prior to the 1907 contours which the Chilled Iron Car
Wheel Manufacturers' Association presented to the Master Car Builders'

Association for their adoption, as recorded.

"You doubtless have noticed that the width of contact, both on rails

on tangents and curves, at the present time i^ not more than three-eighths

to one-half inch in width on the bearing surface, and is hardly in-

creased by canting the rail 1 in 20. I have passed over many miles of
track just after a rainstorm which had slightly dimmed the bearing surface
of the rail heads and noticed that the wheels of a long passenger train

did not brighten more than one-half inch in width of the metal on the

rail heads."

It would appear that the amount of taper for minimum wear of wheel

is not the condition which results in economical wear and least stress in

rail. In view of the fact that rail must be designed for the heaviest

wheel loads, while the wheels are designed for a definite car capacity, it

may be expedient to sacrifice some degree of service of wheel to favor

the factor of safety and life of rail.

Attached is a statement of railroads reporting the use of canted tie

plates or other methods of canting rail.

The Committee at this time has not received sufficient information

as well as satisfied, to recommend whether or not the rail should be

canted and to what extent. However, it does feel at this writing that the

canting of rail 1 in 20, which is the same as the taper of tread of the

Master Car Builders' standard, is too much. Therefore, from these gen-

eral conditions which are cited, it would indicate that if the rail was
installed and maintained in this position so as to provide a uniform bear-

ing and wear on the head of the rail, which of course in turn would

give you the best area of contact of the equipment, the best results would

be obtained from wheel wear and rail wear. In recent years, the slightly

extra length, or extra bearing, of the tie plate on the shoulder or outside

of base of rail was the largest factor in this respect.

This report is in addition to the report the Committee made on the

same subject and printed in the Proceedings of 1918, and the same is

submitted as progress.
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Appendix C.

RAILROADS REPORTING USE OF CANTED TIE

Railroads Reporting
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PLATES OR OTHER METHOD OF CANTING RAIL.

9 and 10
Instructions in apply-
ing. Ties Adzed.

In or Out of Track

11 and 12

Use of Plates.
Are Canted Plates being

Generally Used?

13 and 14

Canting Rail
without Use of

Canted
Plates.

Amount of

Slope.

15

Plates
Placed

with Rail
Renewals
or After
Rail is

Placed in

Track

16

Cost

17

Any
Sav-
ing by
Pkc-
ing

Plates
when
Rail

is Re-
newed

REMARKS

Applied same as flat

plates. Ties adzed

No special instructions

Do not adze new ties.

.

Plates used in renewals of

soft wood and treated
ties and on curves; also

on all ties in renewals.
Canted plates are not
generally used

Plates used on all curves

.

Tie plates applied when
rail or ties are renewed.
Canted plates are gen-
erally used

No
No

No

Both ways., Canted plates are gener-

ally used

Ties adzed in track.

.

Nospecial instructions

only verbal ones

Equip curves first re-

gardless of renewing
rail. Canted plates
generally used.

Yes; no flat plates have
been bought since 1911.

Canted plates

used on all

tracks

Not canted
prior to use of

tie plates
No

No
Ties adzed

level

Ties adzed.
Amount of

slope left to
judgment

of trackmen

With rail

renewals

With rail

renewals
With rail

renewals

No
data

No
data
VAo
with
rail

re-

newals
3c

chang-
ing
in

track

No
data

Yes

No
data
Yes

Yes

After

Placed
under all

rail

renewed;
formerly

after

1.6c to
2.5c

Not adzed. IVzC

No

By adzing ties

lin20
No

No special instructions

Ties adzed in track

—

Ties adzed in track.
Treated ties not adzed

Every new tie in main
track to have tie

plates. Canted plates
generally used .....

Tie plate every tie in

M. U. turnouts and al-

ternate ties on curves
2° and over. Canted
tie plate is standard,

No When rail

is renewed
No
data

Yes

Do not recommend canting rails.

Placing tie plates with rail renew-
als reduces cost, protects rail

and ties and gets plates in serv-

Use of plate with 3 ' from shoulder
to outside of plate and cant of 1

in 20 increases life of rail and ties.

Experience shows 65 lb. rail,

with plate having cant of 1 in

71 canted out 34' on tangents
and J^' on curves and ties, had
to be adzed and rail rolled each
year. The 90 lb. rail with plates

canted 1 in 43}^ have not had
ties adzed after 4 years' service.

Do not recommend use of canted
plates.

Rules for installing tie plates:

No. 126—The std. form of tie

plate will be used to prevent
spreading of track, overturning
of rails and the cutting of ties by
the rails. Tie plates must be
placed in pairs, one plate under
rail on each end of same tie.

No. 127—The end with the wid-
est margin must be placed on
the outside of raU. No. 128-;-

When placing tie plates the tie

should be carefully adzed the
full length of plate, the spike
holes plugged, the rail lifted, the
plate slipped in and the track
accurately spiked to gage.

Canted plates used on a good deal
of new construction; placing

them on curves of 3° and over.

Rail not canted unless done by
trackmen in rolling and gaging
rail.

Roadmasters recommend use of

canted plates.

Do not use canted plates or cant
rail.

Canted plates generally used,
although flat plates are some-
times used under 90 lb. and
100 lb. rail.

No instructions issued.

Ties are adzed in or
out of track to get
flat bearing

Tie plates installedwhere
needed, regardless of

rail renewals. Canted
plate is standard . .

.

No
No

No Before No
data

Yes

Do not use canted plates, account
of approaching frogs, switches
and crossing frogs.

Recommend installing plates be-

fore rail is laid. Canted plates

are used on all turnouts, on all

M. U. passenger and freight

tracks on curves over 1", in

yards on all ladder tracks and
curved lead tracks; in fact, prac-
tically all C. W. & I. Main Side
Yard or industrial tracks on
curves are plated. In addition
5 miles of M. L. tangent of 100 lb.

rail is plated with canted plates.
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RAILROADS REPORTING USE OF CANTED TIE

(Continued.)

Railroads Reporting

Miles
of

Rail-
road

1

Have
You
Used
Cant-
ed Tie
Plates

Weight of Rail
and Section
on which
Canted Tie

Plates are Used

3
Slope
of

Canted
Tie
Plate

for Each
Section
of Rail

4
Size of

Tie Plate
Used

with Each
Section
of Rail

5
No. of

Plates
for Each
Section

of Rail or
Mileage

Length
of Time
Plates in

Use

7 and 8
Rail

Section
Showing
Effect of

Wear

Delaware & Hudson . .

.

Denver & Rio Grande.

Erie

Grand Trunk System .

.

Great Northern.,

Illinois Central
Lake Superior & Ishpeming
Munising, Marquette & South Eastern
Lehigh & New England

Long Island....

Maine Central

.

Michigan Central

Minneapolis & St. Louis.

Missouri Pacific,

Mississippi River & Bonne Terre.

New York Central (Lines East).

N. Y. N.H. &H. R. R

New York, Ontario & Western.

Norfolk & Western

Northern Pacific.

Pennsylvania (Lines West) 4,154

Philadelphia & Reading

.

Pittsburgh & Lake Erie.
Seaboard Air Line

Southern
Southern Pacific.

909

2,578

2,257

4,785

8,198

7,185

160

294

397

1,222

1,862

7,301

3,000

1,992

494

2,085

7,311

Wabash

.

1,127

224
3,461

Yes

Yes

Yes

Yes

Yes

Yea
Yes

Or-
dered
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yea

Yes

Yea

No

No
No

SOlbs.A.S.C.E.
901bs. A.S.C.E.
851b3. D.R.G.

100 Ibs.A.R.A-A

SOlbs.A.S.C.E.

lOOlbs.A.S.C.E,
60 lbs. to 90 lbs

901bs.A.R.A.-A

lin80
lin86
lin40

lin20

line

lin46
lm80

for Sees.

75 to 90
lin20
lin83

6M"X8^'

6'X8H"

7"X10"

6''X8^"

6'X9M'
6"X8'to
7'X9'

7'XWH'

360,000

250,000

4,000

30,000

20,000
In use on
practically

entire line

5,500

3 years.

8 yeara.

5 years

.

4 yeara.

11 years.

3 years.

7,922

7,103

2.619

100 lbs.

85 lbs. A.S.C.E,

lOOlbs.A.S.CE.
105 lbs. Dud....

70 lbs. I. S. 7010
80 lbs. I. S. 8004
85 lbs. LS. 8530
90 lbs. I. S. 9020
631b3.M.P
751b3. 1.S.Co..
851bs.I.S.Co..
901bs.A.R.A-A.

75 Iba. A.S.C.E.
901ba.A.R.A..

100 lbs. Dud...

100 lbs.

107 lbs.

901bs.A.R.A.-B

100lbs.A.R.A.-B

Ibs.N.P \lin76
721b3. N.P....
85 lbs. A.S.C.E. Iin83

901b3.A.R.A.-B.
100 lbs. P. S. Co.

No
No

No

lin20

lin96

lin20
lin20

lin40

,lin76

lin83

I'r'un
der base
of rail

lin44

lin60

lin20

lin20

70 lbs.

80 lbs.

Iin76
I in 20

linSS
lin42

7'XIO'

yx&'

TXWH"
7"X10"

6'X8}^'
e'xm"
e'xsH"
63^'X9"
6"X8"

6"X8H'

6"X8'

6'X8}^'
7'X14'

6^X10^'

7'X83^'

7'X8H'

6'X8'

'6"xm'
[7'xr
7'xr
7'XIO'

5,700 4 years..

30,000 2 to 8 yrs.

2 Mi.
6 Mi.

No data

3,100
99,300
22,100

480,000

29,000

4,000

1,135.000

329,000

2,000

200 Mi.
700 Mi.
1000 Mi.

1500 Mi.
12,000

6'X8M'
6'X8j|'

3 years.
2 yeara.

2 yeara.

4 years

.

3 to 4 yrs.

6 years.

4 yeara.

3 yeara.

2 years

.

9 yeara.

2 yeara.
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PLATES OR OTHER METHOD OF CANTING RAIL.

9 and 10
Instructions in apply-
ing. Ties Adzed.

In or Out of Track

11 and 12

Use of Plates.
Are Canted Plates being

Generally Used?

13 and 14

Canting Rail
without Use of

Canted
Plates.

Amount of

Slope.

15

Plates
Placed

with Rail
Renewals
or After
Rail is

Placed in

Track

16

Cost

17

Any
Sav-
ing by
Plac-
ing

Plates
when
Rail

is Re-
newed

REMARKS

Nospecial instructions.

Ties adzed level

Ties adzed in track

Ties adzed in track. . .

.

Nospecial instructions.

Adzed in track when
required

No special instructions
Ties not adzed

Canted plates are gener-
ally used

Not generally used

Experimental.

Experimental.

Yes; same as
with plates

No

Yes; on curves

Not generally

Bothways

With
renewals
After

With
renewals

No
data
No
data
No
data
No
data

Do not recommend canting rails.

No

Yes Rules for use of tie plates attached
to letter report.

Ties adzed in track.

.

Confined to rail renew-
als. Canted plates gen-
erally used

Experimental No After Yes

Ties adzed in track .

.

Ties adzed in track.

.

No special instructions
Ties adzed in and out
of track

Ties adzed in track

Experimental

Used in renewals on
curves. Canted plates

not used last 6 years . .

.

Experimental

No

No

No

With
renewals
After

After

No
data

Yes

No
data

Yes

16,000 Lundv plates ordered for

100 lb. rail.

More canted plates ordered.

Canted plates applied 1909, 1910

and 1911 on curves. Taper of

tread of wheels should be adapt-
ed to standard rail sections.

Canted plates generally
used

Instructions to adze
ties for full bearing . .

Adze ties to get full

bearing

Generally with rail re-

newals. Canted plate.=

generally used

Adze ties for full bear-
ing

Generally used with rail

renewals

Experimental.

Instructions attached
to letter report. Ties
adzed in and out of

track
Level ties with adze.
Generally in track. .

.

Applied on new ties.

No adzing

Plates applied on curves
on all treated ties.

General use started

Application confined to
rail renewals

Experimental

Instructions with let-

ter report. Adze
only for full bearing.

Method of applying in

letter report. No
special adzing done

Used in renewals; also on
every tie in rail renew-
als . Canted plates are
generally used

Yes; same as
with plate

No

Yes; when rail

is to be rolled
in by adzing
Adze ties for

full bearing

Not done

Ties adzed to
cant rail

Ties adzed to
give slope
lin20

Experimental (on curves) No

No

No
Has been done

on some
curves.

No
No

Usually
after

With
renewals

After

After

After

After

After

With
renewals

Both

No
data

1.5c

with
3.0c
after

rail re-

newals
No

5c

No
data

Yes

No

Yes

Canted plates have been generally

used, but on account of present

steel market flat plates are used.

Screw spike tie plates; 2 lag screws
and 2 screw spikes per plate. 15c

adzing and boring; 5c applying

plate.

2c

2.84c No
data

Believe that they
are a good ap-

pliance

Believe that they
are a good ap-
pliance with
slope 1 in 15

Canted plate is standard

Occasionally rail is

a n t e d in by
trackmen _

when
rolling rail and
regaging

Table Showing
Miles of Track
of Each Taper

of Canted
Tie Plates

Miles
Single
Track

18.8
3145.0

8.8
0.6

190.0
1.0

2417.0
8239.0
1012.0
30.0
5.0

With
Taper

of

lin20
lin40
1 in 43M
lin44
lin60
lin71
lin76
lin80
lin83
lin86
lm96
1 in 174

15076.0

Miles Total.
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(6) CONSIDER THE ADVISABILITY OF REDUCING ALLOW-
ABLE FLAT SPOTS ON FREIGHT CAR WHEELS—COLLECT-
ING DATA AS TO DAMAGE DONE BY FLAT SPOTS.

This subject has been under investigation by various committees

of the Association during the past ten years, but as yet no definite

data has been obtained which convinced the Master Car Builders'

Association of the necessity of a reduction in the allowable limit of flat

spots. However, your Committee were, and are, unanimously of the

opinion that a 25^-inch flat spot under a modern heavy freight car does

create a severe damaging stress in the rail and that the present allowable

limit of flat spots is excessive.

Forty years ago, in 1878, when the average freight car wheel load

was but 8,250 lbs., the Master Car Builders' Association fixed the allow-

able limit of flat spots at 2^ inches, and although wheel loads have

increased to 18,750 lbs. (100,000-lb. capacity car) and as high as 30,000

lbs., and the speed of trains is now much greater, the present Master Car

Builders' rules retain the allowable limit at 25^^ inches.

In 1916 your Committee endeavored to confer with the Master Car

Builders' Association, but were informed that their executive committee

were unanimously of the opinion that

—

(a) Although maximum car capacity has greatly increased, there has

been a corresponding increase in the strength and durability of cars and

rails, so that relatively the 2^-inch limit remains quite safe.

(b) The corners of a 2j/2-inch flat spot soon become rounded so that

the actual impact therefrom is much less than the theoretical; also the

force of the blow is greatly diminished by the elasticity of car springs and

roadbed.

(c) The reduction of the limit would mean tremendous expense for

changing and scrapping flat wheels, and for these reasons the Master

Car Builders' Association has steadfastly refused to consider suggestions

from the American Railway Engineering Association that the allowable

limit be reduced.

On the other hand, American Railway Engineering Association Com-
mittees, while admitting the lack of accurate corroborative evidence, have

consistently contended for reduced limit, because

—

(a) The impact from a flat spot under the modern heavy car is

many times greater than the impact from the car of 1878, when the present

2j/2-inch limit was fixed, due to much higher speeds and the fact that the

maximum wheel load is now nearly four times heavier than in 1878.

(b) Actual tests have indicated that a 2^-inch flat spot delivers a

serious blow to the rail.
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(c) It is a fact that rails are broken by flat spots, though specific

cases have been difficult to cite, because often the rail, while badly dam-

aged, may not break until some time after the passage of the flat wheel.

(d) The reduction from 2j/^ inches to lYz inches would not be very

expensive, for the reason that very few additional car miles can be ob-

tained before a lj4-inch flat has become 2^^ inches, and, further, the

greatest damage to the track occurs while the wheel is making these

last few miles.

Your Committee, as the results of studies during the past two years,

offers the following additional reasons why the allowable limit of flat

spots should be reduced from 2^ inches to 1^ inches:

(a) Ordinarily, wheels having 2j^-inch flat spots are removed from

the axle and scrapped, whereas if the limit were fixed at 1^/^ inches, it

would be possible to reclaim such wheels and replace them in service

by grinding out flat spots without removing wheels from the axle and

at a cost of about $0.60 per pair. Grinding is being done with excellent

results on a number of roads and is recognized by authorities as good

practice, provided, of course, that the wheel has not been burned during

the process of flattening. Therefore, a reduction of the allowable limit

from ZYz inches to 1^ inches would not only lessen the impact and damage

to the rail, but should prove economical from the standpoint of service

in life of wheels.

(b) While it is true that the strength and stiffness of rails has more

than doubled (if we assume 60 lbs. and 100 lbs. A. S. C. E. section as

the standards of 1878 and 1917 respectively) and as contended by the

Master Car Builders' Association has almost kept pace with increasing

wheel loads, it is a fact that this added stiffness of the rail and track

structure actually augments the impact from a flat wheel, and this is

especially true in winter. Recent tests on the Pennsylvania Railroad

(A. R. E. A. Bulletin 200, page 162) show that the average load from

a flat wheel recorded on frozen roadbed was from 15 to 25 per cent,

greater than in warm weather tests.

Increasing the rigidity of the track structure reduces the distance in

which a rail may deflect and absorb the energy of a blow from a flat

wheel and consequently increases the impact.

There seems to be a misconception as to the meaning of the term

"impact." For example

:

A given blow from a hammer will not affect a nut placed on a soft

rubber mat, but will crack a nut placed on an anvil, yet the striking blow

is the same in both cases.

In other words, "impact" is something more than a "suddenly applied

load" and must take into account the inertia of the resisting mass, de-

formation, etc.
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Your Committee has reviewed various theoretical discussions and

formulas to determine the impact caused by flat spots, but it is of the

opinion that little practical benefit may be derived therefrom, because of

the many uncertain and unknown quantities involved, such as shape of flat

spot, condition of track, mechanical action of the wheel and car, etc.

Questionnaires were sent to fifty-five railroads for the purpose of

securing data as to damage done to rails and opinions as to whether the

present allowable limit should be reduced. Replies were received from

twenty-six roads and may be summarized as follows

:

Roads. Favor Less Than
No. Miles. 2J/2" Limit. Remarks.

16 51,393 Yes. Three roads (5,395 miles) report several

hundred rail failures due wholly to

2^" flat spots. The remainder favor
reduction of limit, but have no specific

data as to failures.

5 26,485 No. Have no data to indicate that present

limit should be changed.
2 3,705 No. Regard present limit as O. K.

23 81,483
Conclusion.

Your Committee is of the opinion that the allowable limit of flat spots

should be reduced from 2% inches to 1^ inches as a means of securing

greater service life of both rail and wheels. We, therefore, respectfully

suggest that the Association refer the above-mentioned facts to the

Master Car Builders' Association, with the recommendation that the allow-

able limit of flat spots be fixed at 1^4 inches.



REPORT OF COMMITTEE IX—ON SIGNS, FENCES AND
CROSSINGS.

W. F. Strouse, Chairman; Arthur Crumpton, Vice-Chairman;

F. D. Batchelder^ Paul Hamilton,

H. E. BiLLMAN, Maro Johnson,

C. G. Bryan, L. C. Lawton,
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Committee.

To the American Railway Engineering Association:

The Board of Direction assigned the following outline of work for

the consideration of your Committee

:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes.

2. Report on subject of "Signs," and the principles of design and
rules for their use, considering the adoption of a sign for general use,

as far as possible. Study in this connection, in collaboration with Com-
mittee on Signals and Interlocking, the design of suitable switches, stop

posts, resume-speed posts, water station and trackpan markers, highway
crossing signals, etc. Also consider the location of signs, having in mind
the matter of safety of employees obliged to use the roadway.

4. Report on legal requirements relative to the provision of fences

for right-of-way and stock yards.

5. Report on classification of fences into "types."

6. Make a comprehensive study of crossings

:

(a) Grade crossings;

Crossing gates

;

Crossing signal bells;

Warning signals.

(b) Over- and under-grade crossings

;

Study the laws and requirements of the Federal Government
and of the various states, provinces or municipalities

which affect the distribution of cost as between the car-

rier and the public.

7. Make a careful investigation of all styles of manufactured posts

that have been in use long enough to warrant conclusions as to their

durability, with particular attention to:

(a) A study of various types of end or strain posts used with steel

fence posts, with a view to recommending a type which would be a

satisfactory substitute for posts set in concrete.

(b) An investigation as to the best method of bracing concrete end
or strain posts.

Owing to conditions brought about by our entry into the world war,

your Committee has this year been unable to devote the time heretofore
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expended on the work, and in consequence has only made a study of

items 6 and 7 of the above outline.

SUBJECT NO. 6-A—GRADE CROSSINGS.

A very marked improvement has been noted during the past two

or three years in the matter of better protection of grade crossings.

The great evolution in highway traffic which has taken place during the

past fifteen or twenty years, in which the horse-drawn vehicle has been

largely supplanted by the much faster motor vehicle, has greatly com-

plicated the grade crossing problem. The greater speed of highway

traffic to-day calls for a more comprehensive form of signal than was

necessary under former conditions; for, as in train movements, there is

need of definite early warnings. The motorist needs to be advised of

the necessity of a stop in time to afford him ample opportunity to reduce

his speed before reaching the point of danger. The old signs, calling

upon the public to "stop, look and listen" before crossing tracks, are no

longer adequate. In providing the necessary warning, the railroads have

been confronted with a definite obstacle, since they must be installed at

considerable distance from the track, and therefore usually outside the

railroad property. They have therefore been without right to erect the

signs or authority to maintain and protect them from injury.

The rational solution of this vexatious problem, therefore, seemed

to be to place the responsibility for the cautionary signals on the state,

county or municipal authorities, and this has been done In eight states,

as shown by the report of the National Association of Railroad and

Utility Commissioners, presented at its convention in Washington, Octo-

ber 16, 1917. There should be no controversy as to the justice of this

decision, as the matter of safety on public highways should be as care-

fully guarded by their properly constituted authorities as that provided

by the railroads.

The pioneer state in this movement was New Hampshire, which was

later followed by Vermont, Massachusetts, Connecticut, Maine, California,

Oklahoma and Illinois. Bills providing for similar laws have been pre-

sented to the legislatures of a number of other states, upon which action

is still pending.

Most of the laws that have so far been passed contemplate locating

these signs about 300 feet from the tracks, when, in the judgment of the

commission, the crossing involves such hazard as to require the installa-

tion of a "stop" sign at the crossing; and, with the exception of those

of Connecticut, imposes the erection and maintenance of warning signs

outside of the railroad right-of-way on the highway commissioners who
have authority over the ground upon which the signs are Installed, while

the installation and maintenance of "stop" signs In close proximity to

the tracks and therefore usually inside the right-of-way is imposed on

the railroad.
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The report shows that the design of signs used in New Hampshire

and Vermont is not similar to that later adopted by the Association. In

Connecticut the cautionary signs must be furnished by the railroads, but

installed by the State, County or City authorities. In California the law

requires vehicles approaching grade crossings of railroads to run at a

speed hot exceeding fifteen miles per hour. Tennessee has a law requiring

automobilists to come to a stop before crossing railroad tracks. Texas

laws require them to reduce speed to six miles per hour at all crossings

except those protected by gates or flagmen. The state of Washington

has a law requiring automobiles carrying passengers to stop before cross-

ing railroad tracks.

The order of the Public Utilities Commission of Illinois, issued July

31, 1918, in the execution of statutes passed by the state legislature in

June, 1917, prohibits the installation of any other signs or signals, such

as advertising notices, within 300 feet of any railroad grade crossing, to

prevent any possibility of confusion with the regular crossing protection

signs. This is an excellent provision, but does not go far enough. Rigid

restrictions should be placed on the erection of unnecessary signs any-

where on the public highways. The motorist's attention is too often

jaded by signs containing misleading inscriptions, and until such notices

and signs of fantastic design are prohibited, there will, of necessity, be

more or less confusion with actual warning signs.

The. Commission's order included explicit specifications and draw-

ings for both the "stop" and "approach" signs. They must be made of

No. 16 gage porcelain-enameled metal, crimped backward at least J^ inch

around the perimeter. The letters must be black on a white field and

the rear of the sign is painted black. The supporting post may be either

wood or iron, but must be of sufficient strength to make a solid and

substantial support. The posts must be designed to permit a bracket or

attachment to be installed for the purpose of supporting a light or signal

at night, wherever, in the opinion of the Commission, this may be neces-

sary.

The painting of black and white diagonal stripes on crossing gates

and the use of circular disks instead of flags by crossing watchmen have

now become common on many railroads.

The above-mentioned report not only deals with better protection

of grade crossings, but gives a comprehensive review of the entire cross-

ing question, including joint action with the American Railway Associa-

tion, which resulted in the adoption of some important standards.

In the matter of number of grade crossings, it summarizes figures

that show the enromous magnitude of the problem. Over 110,000 grade

crossings were reported in the twenty-two states from which replies to

a circular letter were received. Basing calculations on the above data,

it is estimated there are about 200,000 grade crossings in the United

States and that there are about 2,000 persons killed annually at these

crossings. It further appears from the reports that in the above twenty-
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two states only about ten per cent, of the crossings are protected by

gates, flagmen or bells.

Of the 826 grade crossings on the Maine Central Railroad, in the

state of Maine, 97 are provided with gates, 62 are protected by flagmen,

13 by automatic signals, while the remaining 654 are unprotected, indi-

cating that between 20 and 21 per cent, are protected, which appears far

above the general average. To further provide against accident on the

above road, the Public Utilities Commission had all the crossings inves-

tigated and made an order directing the company to clear the view at a

great many crossings by cutting bushes, trimming trees and in some cases

removing knolls and other obstructions which prevented a clear view of

approaching trains for travelers on the highways. It also ordered the

installation of 55 additional automatic signals.

It is understood that an attempt will be made to change the law so

that the automatic flagman will not give an audible signal. It is thought

this proposition will be seriously opposed by residents of the more

thickly settled districts.

In the matter of grade crossing elimination, considerable progress

has been made in Connecticut, Illinois, Massachusetts, New Jersey, New
York, Oklahoma, Oregon, South Carolina and Wisconsin. Massachusetts,

with only about 2,000 miles of railroad, has spent in the past thirty years

about $42,000,000; Illinois, in a much shorter period, has done work in-

volving an expenditure of over $55,000,000, much of it in the city of

Chicago ; New York, with about 8,000 miles of railroad, has spent about

$44,000,000. Estimates of cost of elimination of grade crossings have

been prepared in a few states running into hundreds of millions of dol-

lars. In California the average cost is estimated at $30,000 each ; in

Colorado at $40,000 ; in New York at $48,000, and in Wisconsin at $25,000.

Placing the average cost of eliminating grade crossings at $40,000

and assuming the number at 200,000, it would cost the railroads and the

public $8,000,000,000, a burden th- railroads and the public could not bear

unless distributed over a long period of years. With a clear vision of the

utter impossibility of financing such a gigantic scheme, the state, county

and municipal officers are giving the railroad officials more effective co-

operation in obtaining a better protection of grade crossings. Our en-

trance into the world war developed a well-defined policy against ex-

penditures for railway improvements which did not directly benefit the

handling of traffic. All efforts, therefore, should be directed toward im-

proving rather than eliminating grade crossings, and the standardization

of signs would be a step in the right direction.

Considerable information has already been presented to this Associa-

tion bearing on the division of cost as between the railroads and the pub-

lic. Notwithstanding conditions brought about by the war, it is the

opinion of the Committee that some progress should be made each year

toward the elimination of grade crossings, particularly those where the

hazard and delay is greatest and the cost of maintaining watchmen is
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heaviest. It further occurs to your Committee that the most equitable

plan for the division of cost is that of New York, where the burden is

imposed equally on the railroads and the public.

CROSSING SIGNAL BELLS.

In the matter of crossing signal bells, your Committee wishes to

present the following information relative to the performance of six

Hoeschen crossing bells installed by the Waterloo, Cedar Falls and North-

ern Railway Company in January, 1915.

This type of bell is mechanically operated, the depression of the rail

at different points serving to wind the clockwork of the bell and generate

the electrical impulse which trips the clockwork and starts the bell ring-

ing. One of these bells was installed on a line that has been in service

about twenty years. The other five bells were installed on the Cedar

Rapids district, which had only been in operation about four months

when the installation was made.

At the time the installation was made the Hoeschen Company was

just beginning the use of what was thought to be an improved mechan-

ism for generating the momentary current necessary to ring the bell.

This instrument soon proved a failure and was replaced after some six

or seven months' trial. In the meantime, out of 34,888 train movements,

there had been 1,162 failures, or about 3.33 per cent., and one fatal auto-

mobile accident, which very probably would have been avoided had the

bell not been out of commission at the time. On account of the numerous
failures during this period, the performance records prior to August 1, 1915,

were of little value. Between that time and October, 1916, a careful

record of the performance of these bells was kept, as well as the cost of

labor and material used in inspection and repair, as shown by the fol-

lowing tables

:
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Table I

—

Failures and Maintenance Cost.

Month. "to c

HS
a >

hS
August, 1915 5,642

September 5,360

October 5,542

November 5,460

December 5,642

January, 1916 5,642

February 5,278

March 5,642

April 5,330

May 5,498

June 5,330

July 5,488

August 5,498

September 5,340

October 5,642

Total 82,344

Average per month. 5,489

Average per bell per
month 915

B
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Table III

—

Performance of Individual Bells.

Whitney Cheney, Cheney,
Road. Evans. West. East. Wallace. Quass.

Month. r^s.— nrr: n.'^J a r:: 3"^
6 ^ 6^6 ^6 ^6 ^ 6 ^
^ ^ ^ ^ '^ ^^ ^^ ^!z;^

August, 1915 ....0 2 1.9 1 1

September 2 0.8 2 2.8

October 1 1.3 2 2.8

November 1 0.1

December 1 1.9 1 1.9 3 6.8

January, 1916.... 3 4.6 2 2.0 2 2.0 1 0.1 1 4.5

February 2 8.6

March 2 3.0 2 3.0 2 0.5

April 1 0.1 1 0.7 3 2.1 1 0.1

May 2 0.3 1 0.1

June
July 6 3.8 1 3.1 .0

August
September 1 0.1

October _0 _0 J_ _^ _0 _0 _0_ _0 _0
Total 18 15.5 8 11.7 8 9.0 15 21.9 2 4.6

Ave. per month.. 1.2 1.03 0.5 0.78 0.5 0.6 1.0 1.46 0.1 0.03

Table I shows the performance of the six bells referred to above.

Column "A" shov^^s the number of train movements per month or the

total number of alarms that would have been sounded had every bell

operated each time a train approached it. Column "B" shows the total

number of bell failures during the month. Column "C" shows the total

number of train movements during period the bells were not operating.

Column "D" shows the percentage of train movements made during the

period the bells were not operating or when no protection was afforded.

Columns "E" and "F" show total cost of inspection and maintenance per

month and average cost of inspection and maintenance per month per

bell. It will be noted, therefore, that column "B" indicates the actual

performance of the bells, whereas columns "C" and "D" are largely

affected by the promptness with which repairs are made or trouble cor-

rected.

From the table it will be noted there is an average of about ten un-

protected train movements each time a bell fails to operate. This rather

poor showing in the matter of maintenance is due to the maintainer be-

ing employed on other work most of the time and therefore not imme-
diately available. Attention is further called to the fact that most of the

failures reported are due to trouble with the generator rather than with
the mechanism of the bell, and that a generator failure causes the bell

to fail for train movements in one direction only, the crossing still being

protected from trains approaching in the other direction. With bells

operated by track circuits, a failure usually means that no alarm is
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sounded for train movements in either direction. This fact should be

borne in mind when making comparisons of the number of faikires of

this type of bell with those of the track circuit type.

Table II shows the causes of failure, from which it will be noted

that an average of about 25 per cent, are due to failures of the bells or

generator mechanism, 25 per cent, to miscellaneous or unknown causes,

and that the balance are about evenly divided between soft track, cutting

of rails into soft ties, incorrect adjustment of apparatus and defects

or short circuits in the wiring. A large number of the failures assigned

to unknown or miscellaneous causes are due to the reported failures of

bells, which were found by the maintainer to be working perfectly when

examined, making it doubtful if any failures actually occurred, and the

balance to an experimental oiling device installed by the maintainer on

his own initiative.

Table III shows the performance of each bell. The first one, Whit-

ney Road, did not have a single failure between June, 1915, and October,

1916. This is the bell noted above as having been installed on the line

built about twenty years ago, and its remarkable performance suggests

that while many of the failures at other points have been charged to

various causes, the fundamental cause of nearly all the trouble could

probably be charged to unstable track conditions due to recent construc-

tion of that portion of the road. Another condition contributing to the

difference in operation is that heavy freight trains of twenty or twenty-

five cars are hauled daily over this portion of the road, whereas only

short freights and comparatively light interurban cars are operated over

the line on which Whitney Road bell is located.

The more severe service affects bell operation in two ways. The
heavy freights have a tendency to injure the surface of the track and

the mixing of long freight and one or two passenger car trains makes

it more difficult to adjust the winding mechanism of the clockwork of

the bell, which is likely to be wound so tightly as to stop the operation,

or not "enough to cause the bell to continue to ring during the entire time

trains are running some 2,000 feet from the track generator to the bell.

No satisfactory explanation can be offered for the relatively poor average

showing of the Evans bell. Track conditions are good and it should

show the best performance. At Cheney there are two bells, about 800

feet apart, operated by the same set of generators. The poor showing

of the Wallace bell is easily understood, as it is located in a deep cut

where track and drainage conditions are not very good. The Quass bell

is on a curve with the rails supported on heavy tie plates, which explains

in some degree the good results obtained. Tie plates have since been

installed at the other locations.

Since the entry of the United States in the war and the consequent

shortage of help, the keeping of records showing the performance of

these bells has been discontinued. However, the efficiency and mainte-

nance of these bells since have been about the same as indicated in the

above reports.
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DATA ON CONCRETE AND STEEL FENCE

Railroads
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POSTS, STRAIN POSTS AND BRACES, 1918.

Have You Used Any Tj-pe of

Steel Strain Post without
Setting in Concrete? De-
scribe Briefly, Etc.
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*'

National Gate, Brace and Line Posts Around Monona Park,

Madison, Wis.

National Corner Posts and Brace Posts.
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So far as your Committee is able to judge from the replies re-

ceived, those companies which have adopted concrete posts as standard,

and have been large users of them, are continuing their use. Compara-

tively few steel posts have been used during the year. Those roads on

which wood posts are standard are not inclined to change to other types

at present prices. In general, those roads using concrete and steel posts

report satisfactory service.

One Chief Engineer, on whose road steel posts are standard, recom-

mends that all steel posts should be set as other posts, and not be driven,

in order to avoid damage to the tops of the posts. While your Com-
mittee is aware that the tops of some steel posts are more or less crimped

or battered in driving, it is believed to be due to some extent to careless

driving, and to the use of a cap not properly designed. Especially large

driving caps are now being furnished, which are claimed to be giving

satisfaction. Your Committee therefore feels that the proposition to set

all steel posts, except in the case of rock or other obstructions, would

defeat the whole plan of economy in the use of certain types of steel

posts, besides the difficulty of setting them with any degree of rigidity.

(a) Information in regard to steel end and strain posts to be used

without concrete bases was submitted last year, and braces having plates

attached, which are driven in the ground, were described. (See types

A and B, page 656, last year's report.) Satisfactory use of this device is

reported by one company this year, while another company reports satis-

factory service from strain posts set without the use of concrete. It is

estimated that along about 90 per cent, of railroad right-of-way the

driven end posts would prove satisfactory in every way. In swampy
ground or rock the preparation for anchorage would have to be about

the same as for wood posts.

The main point under consideration is to have the post securely set,

and of next importance to have the cost of installation moderate. Obvi-

ously, it takes much less time to drive a steel end post than to dig large

holes and fill them up again with concrete or earth. The work involved

in setting an end post with the necessary bracing, including digging of

holes, refilling with concrete or earth, would probably require the time

of two men about two hours—while the end post and brace above referred

to and described in last year's report could, under normal conditions, be

set in about fifteen minutes.

In normal times the saving in labor would be very considerable and

so far as efficiency is concerned, the driven post would give just as long

and satisfactory service as a post set by any other method. At present

prices of labor and material, the advantages would be correspondingly

great. So far as the investigations of your Committee have been car-

ried, it is of the opinion that the method of setting and bracing the end

post illustrated on page 656 of last year's report, marked type "B," repre-

sents the best scheme thus far brought to its attention.
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(b) In the matter of bracing concrete end or strain posts, the ac-

companying plan, illustrating the use of old boiler tubes, is presented. This

arrangement is said to be very satisfactory. The satisfactory use of

boiler tubes as braces, covering a period of about eight years, is also

reported. In this case the braces were simply set in holes cut about

54-in. deep in the sides of the posts, the ends of the tubes being cut to

correspond to the angle at which the braces were set. Photographs are

appended illustrating a ^-inch diameter concrete brace made in molds,

manufactured by the National Concrete Machinery Company. Cast-iron

sockets are set in the posts, into which the rounded end of a casting on

the ends of the braces are fitted. This device is used by a good many
farmers, but its use so far by the railroads is rather limited.

Respectfully submitted,

Committee on Signs, Fences and Crossings.
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To the American Railway Engineering Association:

Your Committee on Conservation of Natural Resources was instructed

to consider the following subjects by the Board of Direction:

1. Continue the study of tree planting and general reforestation.

2. Report on the conservation and utilization of water power for
railway purposes, conferring with Committee on Electricity.

3. Report on the study of coal, fuel-oil, timber, iron and steel re-

sources.

4. Report on the relation of railways to the different conservation
projects, reviewing work that has been done by each company up to the
present time, and make recommendations on policies economical for rail-

ways to follow.

5. Report on measures for the conservation of human life and
energy.

The Committee held two meetings, both at Chicago—the first on July

10, and the second on December 18.

After careful consideration, the Committee decided to confine its ef-

forts to the subject of "Conservation of fuel," and submits herewith the

result of its deliberations in two appendices—one relating to the con-

servation of fuel in the United States, and the other on the developments

in Canada.

Your Committee submits the report as information and recommends
that it be received as such.

Respectfully^ submitted.

Committee on Conservation of Natural Resources.
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Appendix A.

STUDY OF THE CONSERVATION OF FUEL.

Just at the very moment when our country was engaged in the

supreme effort of its lifetime to "make the world safe for democracy,"

when it was speeding up its war industries to the limit and straining

every nerve to deliver a maximum of men and equipment to the battle

line, there came a shortage of coal. While the signing of the armistice

will relieve to a certain extent the demands abroad, the requirements at

home will be as persistent as ever, for there must come a period of recon-

struction. During this period the leading industries will simply change

their product from a war to a rehabilitation basis and continue as active

as they were before the armistice was signed. Those industries not

necessary to the winning of the war that were obliged to curtail their

production to economize on fuel will now seek to recuperate their interests

by a speed-up program of production. On account of the shortage of

coal brought on by the exigencies of war and which, no doubt, will con-

tinue on account of the reconstruction needs, the Committee feels that it

should confine all of its attention this year to a study of the conservation

of fuel.

Of the total amount of coal used in the United States in 1917,

544,000,000 tons were bituminous and 77,000,000 were anthracite. As the

railroads consumed 175,000,000 tons of this, or nearly one-third of the

total output, their fuel question becomes one of huge proportions and

demands the most serious thought and attention that they are able to

give it.

Figures furnished by the United States Railroad Administration show

that during 1915 the railroads of the country used 122,000,000 tons of

bituminous coal at an average cost of $1.13 at the mine and during 1917,

155,000,000 tons at an average cost of $2.13 at the mine. They estimate

that during 1918 the railroads will use 166,000,000 tons of bituminous coal

at an average cost of $2.50 at the mine. Although there were 544,000,000

tons of bituminous coal mined last year, which is 41,000,000 tons more than

had been mined in any previous j'ear, there was still a shortage of 60,000,-

000 tons and it is estimated that it will be even more this year.

There are three ways of relieving the situation:

1. By getting a better grade of coal from the mines.

2. By increasing our facilities for transportation.

3. By practicing conservation.

If the mines will see that better and cleaner coal is delivered to the

railroads it will save them transporting thousands of tons of slate, rock,

and other impurities commonly found in bituminous coal. These surplus

materials are an additional burden, not only to the railroads that haul

them, but also to the consumers that use them, for they decrease the

efficiency of the power-plant and increase the size of the ashpile.
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The Railroad Administration is ordering new equipment and is re-

pairing that which it already has; but even then it cannot cope with the

situation, for the roads must handle a heavier tonnage than they have

ever handled before. They must haul raw material to the industries,

they must carry foodstuffs and provisions for the Army and Navy, and

they must move soldiers from the camps and the water-front.

The greatest possibility seems to lie in conservation. Statistics show

that during 1917 the total equipment for handling coal constituted about

one-third of all the traffic of the country. The transportation of fuel

becomes then a problem of extraordinary magnitude and offers enormous

opportunities for saving by the railroads and other industries of the coun-

try. As the railroads use nearly one-third of the total amount of coal

consumed, a heavy responsibility rests with them in meeting the nation's

need. If by some intensive effort to conserve the supply of coal, such

as is outlined in the following pages of this report, the railroads alone

can save 6,000,000 tons of coal a year they will relieve themselves of

handling 100,000 carloads of non-revenue tonnage. As they are experi-

encing a shortage of cars to handle the great volume of freight, this

saving in coal not only will eliminate a dead loss in hauling the coal itself,

but will relieve those cars for such public service as is demanding trans-

portation. To make such a saving effective every person 'in the railroad

service should be impressed with the importance of conserving fuel and

should be instructed concerning the best methods of procedure.

One-fifth of all coal burned in locomotives is used when the engines

are not moving trains. Some of this is consumed at engine terminals •

and some on passing tracks waiting for trains to meet. Most of this coal

is necessary, but it does present to the despatcher, yardmaster and round-

house foreman a splendid field for study in the economy of the use of

fuel. They should see that trains move promptly, spending no more time

in yards and on sidings than is necessary for safety in operation.

The trainmen should see that equipment and material entrusted to

their care is handled to the best advantage and they should put forth

every effort to expedite train movements. Four-fifths of all the coal

burned in locomotives is consumed while they are actually moving trains.

For the use of this fuel the engine crew is largely responsible. If they

could save only one per cent, they would use 1,600,000 tons less a year.

Their efforts would be greatly enhanced, however, if the equipment were

in good condition.

The stationary boilers in shops, pumping stations and heating plants

require a large amount of fuel, and present a great opportunity for saving

in their construction and operation. This allows the maintenance of way
and shopmen to serve in this great conservation program. Telegraph

operators and towermen should be alert to clear their trains as soon

as it is possible to do so, for every stop a train is obliged to make requires

an additional amount of fuel. Conductors and brakemen should see that

passenger trains do not become overheated and that cabooses do not burn
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more coal than is necessary for the comfort of the crew. Station agents

can add their mite by saving a little each month. The efforts of each

might seem insignificant, but the sum total would represent an amount

that would well merit consideration.

For one reason or another, railroads are often obliged to store out-

of-doors a great deal of the coal they use. Sometimes it is done to

equalize traffic by using coal cars at a season when they are not in demand

by the public, sometimes it is done to forestall shortage due to strikes

or other interruptions at the mines ; but unless proper care is exercised

in the storing of such coal serious loss may result , from physical and

chemical deterioration.

As the Fuel Conservation Section of the Division of Operation of

the U. S. Railroad Administratiqn has given the subject a great deal of

special study and attention and has prepared in condensed form a most

thorough outline of the methods for conserving coal, the Committee feels

that it can do no better than to embody some of its recommendations in

this report. Copies of these publications can be obtained by addressing

the Fuel Conservation Section at Washington, D. C. Among the recom-

mendations are included the following

:

Suggestions for Saving Railroad Fuel.

Publication No. 1. June, 1918.

In our effort to save fuel we must at this time content ourselves with

the equipment we have and with the methods with which we are familiar,

and rely for our results upon the individual interest and exertion of

every man who has to do with the use of railway fuel.

In your effort to help you will find the following suggestions useful.

They are not new ; they are familiar to all experienced men. They are

fundamental to good practice. If every railroad man will bear them in

mind and conscientiously apply them in his daily work, enormous savings

in fuel will result.

To Railroad Operating Officials:

1. Impress upon every division employee the usual importance of

saving fuel.

2. Division Superintendents should hold staff meetings to consider

and emphasize fuel economy. They should instruct their staff' officers to

hold frequent meetings with engincmen, trainmen, and others for the

same purpose, using these occasions to give definite instructions and to

review fuel performance. The Superintendent's own interest cannot be
more effectively shown, nor his influence better exerted, than by his at-

tendance at these meetings.

3. Impress upon all transportation department officials that, under
the present fuel shortage, special attention to fuel performance will gen-

erally effect greater direct and indirect economies than can be obtained
by attention to many less important details of operation.

4. See that fuel statistics are properly analyzed by operating and
mechanical department officers, so that improper methods may be promptly
corrected.

5. Try to secure the support of enginemen to make economical use

of any class of coal which, under existing conditions, the railroads may
be compelled to take.
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6. Insist that those responsible for the supervision of engineers and
firemen closely check their fuel performance, and that they constantly
urge upon them the need of following instructions concerning the use
of fuel.

7. Increase the supervision of engine crews where necessary and
be sure that new firemen receive adequate instruction.

8. Be sure that fuel consumption receives at least as much super-
vision as is usually given to oil performance. Two scoops of coal are
worth nowadays as much as a pint of valve oil.

9. Try to determine the amount of coal which, under careful hand-
ling, will be required by road engines for the period between firing up
and leaving the terminal, and by yard engines for the entire period of
service; and have their actual consumption checked against this average.

10. Adopt a standard size of scoop-shovel. For ordinary conditions
the smaller sizes have proven more economical.

11. Provide for your engines sharp, clean, dry sand. A slipping en-
gine wastes fuel, and wears out its machinery and the car draft-rigging.

12. Where possible, run passenger engines over two freight divi-

sions. This reduces coal waste at ashpits and in firing up. Where termi-
nal facilities are limited it has many collateral advantages.

13. If necessary, reorganize your ashpit force so as to provide con-
tinuous fire-cleaning service, in order to reduce ashpit delays in waiting
to clean fires.

14. Where practicable, old tics, old car material, shavings, etc.,

should be used to fire up locomotives.

15. Making tests to determine the most economical method of hold-
ing engines under steam at outside points—whether by banking the fire?

or by covering the stack after fires are cleaned.

16. See that engines are not ordered too early and allowed to stand
waiting under steam unnecessarily. Work out engine dispatching sched-
ules for freight trains so that engines may be ordered for the scheduled
leaving time.

17. Urge upon dispatchers and train crews the necessity of cutting

to the minimum all delays on sidetracks and at meeting points.

18. Any avoidable road stop or slowdown wastes coal. Ditspatch-
ers should do their best to keep trains moving, and to put out orders at

regular stops. Thej'^ should promptly take down slow orders when they
are no longer necessary.

19. See that yardmasters make up trains with "set-outs" near the

head end.

20. Have agents plan their station work before the train arrives.

21. Load locomotives with full tonnage. Underloaded engines waste
fuel. A heav}' locomotive, running without a train, may itself consume
half as much coal as when under load—including terminal consumption.

22. Do not tolerate leaky steam hose connections nor undue drip

valve openings on passenger trains.

23. Leaky train line connections, porous or spongy hose, and poor
gaskets waste air which is made at the expense of fuel. Every man on
a train should do what he can to reduce this loss.

24. Encourage adequate lubrication. Superintendents and car de-

partment foremen must see car lubrication from the viewpoint of fuel

economy, remembering that there is now only one railroad system and
that to pass along defective conditions to a connecting line is neither
loyal nor economical. Defective lubrication of engine and car journals
causes fuel waste—friction losses begin long before the bearing begins
to smoke.
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25. The proper maintenance of car trucks and brake gear bears an
important relation to fuel economy. See that trucks are kept in good
condition and that brake piston-travel is well adjusted.

26. Do not overlook or slight the coal used in stationary power or

heating plants at terminals, shops, roundhouses, pump stations and else-

where. A large share of your fuel is used at these places—and frequently

very wastefully used. Your effort here will yield a large return.

27. Lump coal stored at such places as pump houses, shops, stations,

banana-sheds, etc., is a constant temptation to theft. Wherever possible

use slack or screenings at these points and provide suitable bins.

28. Detail men to check car loading at mines and scale stations.

29. The larger sizes of screenings are most economical for use in

locomotive stokers. Try to secure as large a size as your stoker will

handle.

30. Instruct enginemen to take as much coal as possible at all mine
coaling stations or at stations near the mines. This saves transportation,

which in turn saves coal.

31. See that coal-chute aprons are so arranged that coal will not

spill from them.
32. Coal spilled at chutes should be promptly picked up—not allowed

to lie around until it becomes crushed and dirty.

33. Organize coal chute work so that lumps will be broken to rea-

sonable firing size before they reach the engine.

34. In so far as you can, store coal so as to balance tonnage and
reduce empty-car mileage.

35. Choose for storage a quality of coal that will not rapidly de-

teriorate, and if possible locate storage piles where the coal may be

delivered directly to the engines without secondary handling.

36. Coal, when being stored, should be so handled as to be broken
as little as possible during the process.

37. Store your coal on clean and level ground, so that it may be

picked up again free from dirt.

To Engine House Officials:

38. Have coal shoveled ahead on tenders at terminals remote from
the mines, and put on no more coal at such points than is necessary to

take the train back to the terminal nearest the mines.

39. Insist that tenders be not so overloaded as to spill co^. Have
them trimmed before leaving the chute, so that surplus coal may be

picked up.

40. Do not permit locomotives to be held unler steam unnecessarily.

If they must be held, bank the fires—if they are to be held for 24 hours
remove the fires.

41. Whenever locomotives stand under steam, cover the stacks. A
simple sheet iron or wooden cover suffices, and saves heat and coal. If

used when fires are dumped, such a stack cover saves heat and reduces

boiler maintenance.
42. Do not allow a locomotive to leave the terminal unless its fire is

in proper condition.

43. Unless absolutely necessary, do not allow fresh coal to be placed

in the firebox while the engine is held for its fire to be knocked.
44. To avoid delay at leaving time, have tools and supplies placed on

the locomotive before the crew reports.

45. Maintain firedoor openers so that they will operate properly.

46. Arrange firedoors not equipped with automatic openers so they

can be easily swung open and will remain latched open in rounding
curves; and so they can be easily swung shut after firing each scoop
of coal.
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47. Brick arches must be maintained.

48. Remove injectors which 'are too large. Replace them with
those of proper capacity..

49. When locomotive fires are cleaned, have a competent inspector

enter the firebox. He should assure himself that the grates are thoroughly
clean; that there are no broken grate fingers or excessive openings; that

the grate is level when the grate lever keepers are in place and locked,

and that the arches are clean and in repair. He should also sec that the

flues are clean and free from leaks, particular!}' the superheater flues.

Superheater flues when clogged with soot and cinders are useless.

50. See that all coal-burning locomotives have a total ashpan air

opening equal to at least 14 per cent, of the grate area.

51. Maintain boilers up to their highest efficiency; wash them when
necessary and have the flues bored and blown out every trip. Give
special attention to the superheater flues.

52. Do not allow locomotives to run with mud-ring or front-end

leaks. This leakage represents a considerable waste of fuel.

53. Make a special inspection of all locomotives to see that the

exhaust nozzles are opened up to the largest area consistent with proper

steaming. Keep a nozzle record of all locomotives, showing the class,

size, date of cleaning, and date of nozzle changes.

54. Holes in the cab decking, defective aprons, and lost motion in

the tender connections all lead to direct coal losses.

55. Make certain that steam pipes and superheaters are tested at

frequent intervals. Cold water tests should not, however, be made when
the parts are hot.

56. See that cylinder and valve rings are maintained so that they

do not blow, and keep the valves squared up on all locomotives.

57. On oil-burning locomotives maintain all piping, valves and op-

erating fittings in good condition. Keep the burner.clean and in proper
alinement, making periodical inspection of burners to determine if

defective. Pans must be maintained in good condition and rigidly

secured to avoid air leaks at sides and front behind brick work. In-

spection should be made each trip to insure brick work being in good
condition and all carbon and sand removed. Keep air openings free

from slag and carbon accumulations.

58. The flues in an oil-burning boiler require the same attention

as a coal burner. Dampers should be maintained over all air openings,

and must be easy to operate.

To Locomotive Engineers:

59. If your fireman does not employ the best practice, instruct him
yourself and ask the road foreman or locomotive supervisor to have a

friendly talk with him, setting him right.

60. Advise the fireman as to grades, shut-off points, the length of

time it is probable the train will be held in sidetrack, etc., and explain
to him your manner of handling the injector, so that he can anticipate

your needs and fire accordingly.

61. Endeavor to work your engine at the shortest practicable cut-off

at all times, so as to obtain full benefit of the expansive force of the
steam.

62. Endeavor to feed the boiler uniformly, and do not allow the
water level to rise so high that the effectiveness of the engine or the
superheater will be destroyed.

63. By careful handling, good lubrication of the valves and cylinders
can be maintained with a very small quantity of oil. Oil that is fed
with steam sticks to the metal surfaces and will lubricate for a long
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time unless it is washed off by water or burned off by drifting. If a

proper water level is maintained, and attention is paid to the position of

the throttle and the reverse lever when drifting, a few drops of oil will

protect a large rubbing surface. If, however, in order to cover up errors

in judgment, too high a water level is carried when running or if the

boiler is overfilled while standing, water from the boiler with its scum
and impurities will pass over with the steam and will scour the oil film

from the cylinder and valve surfaces. Whenever a high water level does
occur, it will prove cheaper to waste some oil than to suffer the friction

loss and fuel waste which result from dry valve seats and cylinder v^ralls.

Forethought will save both coal and oil, and engineers who make a good
fuel performance generally make a good oil performance.

64. Avoid wasting steam at the pops. When conditions, such as

emergency stops, making popping unavoidable, close your injector heater
cocks and lightly blow steam back into the tank, thus heating the feed
water. Injectors will lift water as warm as your hand (100 degrees),
and feed water heated to this temperature saves about four per cent, of
the fuel and increases the engine's steam capacity on hard pulls.

65. Careful judgment in handling the train brakes will save fuel.

A moving train contains energy. Make the best use of this energy con-
sistent with safety. If you lose it by unwise braking,_ it must be restored
through the use of fuel, both for the train and the air pump.

66. Avoid slipping your engine. It tears the fire and wastes coal.

67. Do not use your cab lights or your headlight in the daytime.

To Locomotive Firemen and Hostlers:

68. Close the firedoor after each scoopful of coal is fired.

69. Do not slug the fire. Three or four scoops to a fire, even with

the largest engines, has been proved practicable and gives the most eco-

nomical result.

70. Do not shake the grates except when absolutely necessary—and
then shake them gently. They should never be shaken while the engine
is working hard; the high draft will then carry ash up into the tubes and
superheater flues and clog them.

71. Do not rake the fire, unless it be to fill up a hole or to break
down a bank.

72. When your engine is running with a drifting throttle, fire only

enough coal to keep the fire in good condition.

72). If large lumps of coal reach your tender, break them down be-

fore firing them.
74. Use the blower as lightly as possible, and no longer than is

necessary.

75. When entering a terminal let your fire burn down to the proper
level ; but do not starve it to the point where, in order to get a boilerful

of water, it will 'become necessary to rebuild it just before the engine

goes on the cinder pit.

76. Do not use the injector when there is little or no fire in the

engine. To do so starts the flues and side-sheets leaking.

77. Keep your deck clean. A well-swept deck with the coal in the

tender sprinkled, but not flooded, helps save coal and increases your
comfort.

78. Do not permit coal to fall off the gangway. This is not only

wasteful, but dangerous.
79. Study the methods of good firing. Talk about them with other

firemen. Try to improve your own practice.

80. On oil-burning locomotives sand the flues frequently ; save oil

by avoiding black smoke.
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81. Whether using coal or oil, persistent black smoke indicates poor
firing. Try at all times to avoid, but especially in cities, where it causes

not only fuel waste, but discomfort and damage.

Suggestions for Saving Railroad Fuel at Stationary Plants.

Fuel Conservation Circular No. 14. September 25, 1918.

In order to avoid repetition, the suggestions arc grouped below,

first, with respect to Plant Design and Equipment; second, with respect

to Maintenance; and third, with respect to Operation. Under the heads

of Design and Equipment, and Maintenance, the suggestions are further

divided ; first, with respect to power and heating systems ; and third, shop

equipment. Under the head of Operation they are divided with respect

to power and heating plants, and to miscellaneous uses. Under each of

the three main headings, unless otherwise specifically so stated, the sug-

gestions have been made with the larger power plants in view, and some
of them are consequently but little applicable to smaller installations.

Most of them, however, are applicable in some degree to the small isolated

plants.

The suggestions are intended to cover all forms of energy produc-

tion and distribution to be met with in railway plants, and they relate

to practices which may affect, either directly or indirectly, the consump-

tion of fuel.

Plant Design and Equipment.

1. Responsible operating officials should insist on a review of condi-

tions at all stationary plants, and should give careful consideration to the

feasibility of making desired improvements.

2. It is recommended that some person or a committee be charged

with special responsibility for the conservation of fuel in this field, and
that their other work be so arranged that they may devote adequate at-

tention to this duty. It is chiefly because such responsibility has been

incidental to many other duties that railway stationary plants have con-

tinued as inefficient as they arc.

3. One of the first requirements for improvement is a knowledge

of existing conditions and performance, and for this reason the recom-

mendations given below concerning coal records, water records, gas

analysis and similar matters are important.

4. At staff meetings and upon other occasions operating officials

should impress upon all concerned the importance of fuel conservation

in this field, remembering that in this, as in all other matters, continued

interest and effort can be sustained only from the top of the organization.

Communications and instructions on this subject should be steadily fol-

lowed up to remove the prevailing indifference toward what are regarded

as trifling losses.

5. Since under present conditions widespread changes in equipment

may not be made, it is obvious that the chief return is to be had through

improved maintenance and operation. While eft'ort at these two points

is easy to set in motion,*it can be sustained only by persistent following

up; and adequate supervision must be provided.

6. To railroad men coal is a common commodity. Most of them see

thousands of tons of it every day. This fact makes it difficult for them
to realize the present shortage of fuel and the necessity for the strictest

economy in its use. It is especially difficult to reali/:e this need in con-

nection with the use of small quantities of coal, such as the few bushels

which a station agent may use in the course of a day. But it is in these



110 Conservation of Natural Resources.

small uses that practice is most wasteful, and everj^one must understand
that no saving is too small to merit his attention. Some person or some
industry may be in desperate need of the fuel which can be saved at these

points.

7. At many small and inefficient power and pumping plants it would
prove cheaper to buy power or to buy water than to continue to operate
the generating plant. Projects of this sort, which in previous years may
have been under consideration, should be reviewed. Under the present
price of fuel it may now prove profitable to discontinue the production
of power at such places, and it is likely in every instance to result in

fuel savings.

8. The old discarded locomotive boiler makes a wasteful and ex-

travagant heating plant. It should be displaced as rapidly as possible.

9. One of the chief sources of loss in steam boilers is excessive air

supply, resulting from excessive door and ashpit openings, boiler-settling

air leaks, and excessive draft. The CO2 recorder offers one of the best

means for discovering excess air and improper combustion, and its cost

of installation will be amply repaid in plants of any considerable size.

10. Determine the air pressure of the furnace with draft gages
connected with the furnace or breechings. They eliminate guesswork
and insure a proper air supply for combustion. Regulate the draft on
all of the boilers with the main flue damper, after settling the individual

dampers on each. Check the combustion by analyzing the flue gases.

Suitable instruments are available at from $15 to $25. By this method
admission of excess air may be readily detected, the skill of the fireman

known, and waste of fuel prevented.

11. Whenever it is feasible to do so, boiler feed-water should be
heated, using exhaust steam for that purpose. One per cent, saving of

fuel results for each 10-degree rise in temperature of the feed-water.

12. The first requisite to efficient operation is a knowledge of the

amount of coal consumed; and, wherever it is possible, provision should

be made for weighing the coal used during each shift or during each

day. Records of daily consumption should be made and periodically re-

viewed. In small plants, where weighing is impracticable, the coal con-

sumed may be occasionally estimated by counting the number of scoops

used during a given period.

13. The boiler feed-water should be similarly measured and recorded

for each shift or for each day, wherever it is feasible to do so.

14. See that the valves and the valve motions on your steam engines

and air compressors are gone over and put in good condition. Engines
and compressors that have run for years without thorough adjustment

are sure to be wasting steam.

15. Enormous losses occur from condensation in transmission lines.

The surfaces of all steam piping, drums, and feed-water heaters, which
waste heat by radiation, should be properly covered with insulating ma-
terial. Four-fifths of the radiation loss can be avoided by covering these

surfaces with 85 per cent, magnesia, or similar material, two inches thick.

Especially serious losses of this sort occur in poorly protected under-

ground steam lines through yards. All such piping should be insulated

with great care. Suitable traps should be maintained on all radiating

systems.

16. Group your shop machines so that the driving motors or engines

operate at their point of highest efficiency.

17. Eliminate the operation of shop motors when machines are idle.

Shopmen will do this if switches are conveniently placed.
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Maintenance.

18. Records should be kept of boiler and power plant maintenance
as well as records of operation. If someone is made personally respon-
sible for the physical condition of furnaces, boilers and engines, and
signed reports arc required from him at regular intervals, the condition
of the plant will not be likely to deteriorate.

19. All air leakage into the boiler should be stopped. Badly warped
or cracked fire doors should be repaired or replaced, and air leaks in

the brick work or boiler setting should be stopped. Such leaks can be
found by holding a lighted torch to the parts under suspicion and by
watching to see if the flame is drawn in by the draft. They may be
conveniently stopped by caulking into the openings cord or sheet asbestos
made plastic by water.

20. It is important also that leaks in brick arches and in interior
brick work be stopped in like manner. Such leaks not only permit the
short-circuiting of the gases, but they conduce to the leakage of outside
air by causing the exterior brick setting to become overheated.

21. Keep the grates in repair. Burned out and broken grates waste
coal into the ashpit and permit the passage of surplus air, causing holes
in the fire and clinkers.

22. All boilers should be thoroughly washed out at short and regu-
lar intervals. Suitable hose, rods, and scrapers must be supplied for this

purpose. Particular attention should be given to the crown sheet and
water leg in locomotive-type boilers, and, in return tubular boilers, to

the lower portion and to the back ends of the flues, where mud is most
likely to accumulate. Where water of inferior quality must be used,
provision for treating it before it enters the boiler should be made if

possible. In emergencies or when the volume of water is too small to
justify an independent treating plant, a properly prepared boiler com-
pound will be of assistance.

23. It is just as necessary to clean the soot and ash from the heating
surfaces of stationary boilers as it is to blow and bore the flues in the
locomotive. Boiler surfaces should be regularly cleaned and, even under
favorable circumstances, should not be allowed to go more than 12 hours
without being blown down. Where compressed air is not available, use
dry steam for this purpose. In addition, a flue cleaner should be fre-

quently run through the entire length of the tubes.

24. Most railroad shops and yards have extensive pipe lines for the
transmission of steam, water, and air—many of them placed under dis-

advantageous circumstances. The aggregate fuel loss due to leakage
from such pipe lines is one of the greatest losses in this field, and special
effort should be made to eliminate it. Make provision to inspect regu-
larly and stop the leaks in the steam lines around your shops and through
the j-ards. Underground steam lines through yards are apt to be in

especially bad condition. Watch carefully the leakage in your com-
pressed air lines ; it wastes a great deal of power. Cut down water
wastes caused by leakage and carelessness, and reduce the use of hot
water to a minimum.

25. See that all shafting and transmission mechanism is properly
maintained. Bearings should be regularly oiled and inspected for correct
alinement. and belts should be inspected to prevent slippage.

26. From heated buildings or buildings where steam is generated
or consumed, there are frequently great heat losses by direct leakage
of warm air. In all such boiler-houses, shops, roundhouses and other
buildings overhaul the doors, windows and other openings, restore broken
glass, and otherwise make them tight, in order to cut down this loss.
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Operation.

27. Too many railroad stationary plants are operated by unskilled

men. The attempt to save money by employing inexperienced labor at

such places is almost certain to defeat its own end. It should be so

designed and operated that no more exhaust steam is produced than can
be used.

28. Wherever possible use exhaust steam instead of live steam
direct from the boiler. So far as possible the plant should be so designed
and operated that no more exhaust steam is produced than can be used.

29. Some shops, most office buildings, and practically all stations

are kept unreasonably hot in cold weather. Thermometers should be
provided in all such places, and somebody should be charged with the

responsibility of seeing that the temperature is kept down to a reasonable
limit. Sixty-five degrees is generally enough and is much more com-
fortable and healthful than a higher temperature. In offices 68 degrees
Fahrenheit should be the maximum temperature ; and for shops and other
buildings where clerical labor is not required, 60 degrees Fahrenheit is

sufficient. All unused radiators or those in excess of the requirements
should be disconnected.

30. Shop and roundhouse lighting must, of course, be adequate for

the comfort and safety of the men, but considerable power and fuel may
be saved by strict attention to lighting wastes. Lights should be turned
off when not in use. In many situations the candlepower of lights may
be reduced without inconvenience to anyone. Carbon filament lamps
should be replaced by those of later and more efficient type, and arc

lamps in many situations should be abandoned for large lighting units of

more efficient type.

31. Shop operations may frequently be so arranged as to avoid con-

centration of load. Thus to stagger shop operations so as to avoid peaks
in the load may save considerable fuel.

32. Eliminate the open coal basket and the open coal fire, which
are frequently found at ashpits and water cranes. Inexpensive enclosed

sheet steel stoves can be used at such place's.

33. Lump coal stored at such places as pumphouses, shops, stations,

and banana sheds, etc., is a constant temptation to theft. Wherever pos-

sible, use slack or screenings at these points and provide suitable bins.

34. Wood is good fuel, and railroads frequently have available

large amounts of waste wood, such as ties or car shop scrap. Use this

wood in place of coal or oil wherever possible.

Fuel Conservation Circular No. 13.

To Superintendents, Motive Poiver and Car Department Officials, Men
in Charge of Car Maintenancve, Yardmasters and Sivitchmen, Con-
ductors and Trainmen:

Appreciating the country's present urgent need for the conservation

of fuel, the Air Brake Association, through its President. F. J. Barry,

and its Secretary, F. M. Nellis, recently tendered to the Fuel Con-
servation Section of the United States Railroad Administration the

assistance of the association in the work of conserving fuel. Following
this offer, a committee of supervising air-brake representatives from 24
of the largest rail lines in the country met in Chicago on July 31 for

the purpose of drawing up such concise recommendations concerning air-

brake maintenance as would effect material economies in railway fuel.

This committee, after careful and deliberate study of the air-brake

situation, announced that the leakage of air in brake pipes and con-
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nections under freight cars was responsible for an annual loss of over
6,000,000 tons of coal. With the exception of train-line losses incurred
in controlling trains on heavy descending grades, it is estimated that 95
per cent, of the fuel consumed in compressing air on locomotives is used
to make good this brake-pipe leakage.

The committee also stated that in their opinion the railroads could
quickly and without much additional operating expense greatly reduce
this loss ; and they submitted certain recommendations for the considera-
tion of railway operating officials and employees.

Specific tests have shown that a train-pipe leakage of seven pounds
per minute on a 50-car train entails a loss of more than 39 cubic feet of
free air per minute, and absorbs 91 per cent, of the capacity of one
9i/-inch pump, or 59 per cent, of the capacity of one 11-inch pump.
Under conditions that frequently prevail on 50-car trains the brake-pipe
leakage often amounts to more than double the quantities stated.

The recommendations submitted by the special committee for the
prevention of these extraordinary losses are as follows:

1. In switching cars in hump yard service, hand brakes must be
known to be in operative con'''tions before dropping over the hump.
Each cut should be ridden hr and must not be allowed to hit cars

on make-up track at 'a speed ex^.'ding three miles per hour, as excessive

shocks result in loosened brake-pipe and cylinder connections with at-

tendant leakage at joints. The same conditions apply to general yard
switching and similar care should be exercised.

2. When hose are uncoupled they must be separated by hand and
not pulled apart. Pulling hose apart is not only the most prolific cause
of brake-pipe leakage, but the damage annually due to train parting on
account of hose blowing off nipples or bursting due to fiber stress runs
into thousands of dollars. Angle cocks first must be closed if brake-pipe
is charged.

3. Ample time must be allowed to properly inspect the air brakes
and place them in good working order before leaving terminals.

4. Freight terminals, where conditions and business handled justify

the installation, should be provided with a yard-testing plant, piped to

reach all outbound trains. At all freight houses, loading sheds, team
tracks and other places where cars in quantity are spotted for any pur-
pose long enough to make repairs and test brakes, air should be provided
to do such work.

5. On shop and repair tracks provided with air, brakes should be

cleaned and tested in accordance with M. C. B. rules and instructions.

Weather permitting, hose and pipe connections shall be given soapsuds
test. Hose showing porosity shall be removed and all leaks eliminated

before car is returned to service.

6. Freight trains on arrival at terminals where inspectors are sta-

tioned to make immediate brake inspection and repairs, shall have slack

stretched and left with brakes fully applied.

7. Brake-pipe leakage on outbound freight trains shall not exceed
eight pounds per minute, and preferably should not exceed five pounds
per minute, following a 15-pound service reduction from standard brake-
pipe pressure with brake valve in lap position.

8. A suitable pipe wrench should be furnished each caboose to enable
trainmen to remove and replace hose and to tighten up leaks developing
en route. Instructions directing its use should be posted in each caboose.

9. A rule should be put into effect that trainmen must apply an
M. C. B. standard air-brake defect card in cases where defects develop
enroute or for brakes cut out by them ; defect to be checked off on back
of card.
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10. Air-compressor strainers must be known to be free of foreign
matter before each trip and removed for cleaning, if necessary. The
steam pipe to compressor shall be lagged outside of cab or jacket.

11. Special effort must be made to reduce the leakage of the various
air-operated devices on locomotives.

12. In mounting air hose, the coupling should be gaged with an
M. C. B. standard gage, and the couplings and coupling packing-rings
known to be standard.

13. Special attention should be given to maintaining brake-pipe,
brake cylinder, reservoir, retaining valves, and pipe secure to car.

14. The importance of competent air-brake supervision to success-
fully cope with existing conditions can not be overestimated.

15. In the recommendations submitted it is not the intent in any
way to abrogate existing instructions or rules now in force, which are
more stringent than those recommended.



Appendix B.

CONSERVATION OF FUEL IN CANADA IN 1918.

As a result of the War, the cost of fuel in Canada, particularly coal,

was much enhanced and a fuel shortage was, for a time, almost a cer-

tainty. These considerations forced Canadians to adopt a policy of con-

servation and necessitated the abandonment of the old policy of laissez

faire that has been so detrimental to their material interests. Canadians

are, at last, recognizing that no natural resources are "illimitable" or

"inexhaustible," particularly as regards mineral fuels such as coal, which,

once exhausted, can never be replaced.

The high prices and the heavy demands for munition plants and

other industries connected with the war have greatly stimulated the pro-

duction of coal in Saskatchewan and Alberta. On the other hand, the

enlistment of miners and the high wages paid in munition plants has

resulted in decreased production in Nova Scotia and British Columbia.

In 1917 Canada imported from the United States 15,537,262 tons of

bituminous and 5,320,198 tons of anthracite, as compared with Canada's

domestic production, namely, 11,154,251 tons of bituminous, 2,784,283 tons

of lignite and 108,225 tons of semi-anthracite.

Canada is, therefore, practically dependent upon the United States

for her supply of anthracite coal, the one mine in the Dominon producing

semi-anthracite, near Banff, Alta., having a total production of only 103,-

225 tons in 1917. As the anthracite coal allotted to Canada during the

year 1918-19 by the United States Fuel Administrator is 23 per cent, less

than Canada received during the coal year 1917-18, consumers have been

forced to resort to other fuels to supply the deficiency. In practice, this

means that either bituminous, lignite or wood must be used during the

current winter to supplement the limited amount of anthracite available.

Dismayed at being forced to use these substitutes, consumers are direct-

ing attention to the various methods whereby coal can be converted into

fuel possessing most of the advantages of anthracite.

The first and most readily available substitute for coal is, of course,

wood fuel. Its use is a practical measure of conservation, if only because

it has one advantage as compared with coal, namely, that, if protected

from fire, it reproduces itself without labor or monetary cost. Large

quantities of wood have been cut, particularly in Quebec, Ontario and

Manitoba.

Much attention has been devoted to the utilization of peat, but, for

various reasons, principally the high cost of labor and the comparatively

low price of the product if marketed to compete with coal, no peat was
produced in Canada in 1917 or 1918. Although 97,363 short tons of peat

was produced in the United States in 1917, most or all of this production

was used as a fertilizer, as a filler for chemical fertilizers, as an ingredi-

ent of stock food, or was used by florists. The fact that it was sold at an

average price of $7.29 per short tone demonstrates that, at the present
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time, peat cannot compete with coal in the United States, nor could it

compete in Canada if its cost approximated the figure above quoted.

As a means of conserving coal, the greater utilization of Canada's

water powers, particularly in coalless central Canada, has been strongly

urged. It is highly probable that, in the near future, the development

of some, at least, of the great powers of the St. Lawrence will be under-

taken. In the portion of the river traversed by the international boundary

the development should, and probably will, be undertaken by the govern-

ments of Canada and the United States jointly.

Every pound of coal saved by the use of water-power is a pound

conserved for posterity, whether the power be used directly or for the

generation of electric energy and subsequent use of same for power. The

method of distribution is not important so long as the generating plants

and the rates charged by the distributing companies are controlled by

the two Governments. While an excess of electric energy for which

no other market could be obtained might be used for electric heating of

houses, etc., it has been demonstrated by Arthur V. White that, with

anthracite at $10.00 per ton and electric energy at one cent per kilowatt

hour, electric heating is four times as costly as with coal.

Anthracite has steadily increased in price year by year. This, and

the fact that, if production continued at the present rate, the anthracite

in the United States would be exhausted in less than a century, demon-

strate that, ere long, none but the well-to-do will be able to afford it.

Recognizing this, the Canadian Commission of Conservation has been

urging the increased utilization of bituminous coal and lignite. They have

urged the advantages of central cooking plants, whereby all the products,

namely, coke, gas and tar, can be utilized, and have pointed out the ad-

vantages of carbocoal, which has been used successfully in England. It

is probable that such plants will be established in the near future in the

vicinity of some of the larger cities, and their success will induce the

construction of similar plants elsewhere.

The Canadian Commission has also advocated the use of pulverized

coal in certain metallurgical processes in cement plants, in locomotive?

and in other uses which have been demonstrated to be economical. Dur-

ing the year the British Columbia sugar refinery in Vancouver, B. C, in-

stalled the first equipment in Canada to use pulverized coal.

The sum of $200,000 has been granted by the Federal Government

and $100,000 each has been granted by the governments of Manitoba and

Saskatchewan for the construction of an experimental plant to produce

carbonized lignite briquettes. If this plant is successful in producing

a product that can compete with anthracite, it will demonstrate the pos-

sibility of utilizing the enormous amount of lignite that underlies a large

part of Saskatchewan and Alberta, particularly the lignite of the Souris

district in Saskatchewan, which is ver\- advantageously situated with ref-

erence to the fuel market.



Appendix C.

PEAT AS FUEL.

The Committee on Conservation of Natural Resources suggests that

thorough investigation be made with a view to using the vast muskeg or

peat deposits in the northern part of the United States as fuel to alleviate

the present stress in the fuel situation. It is our opinion that, if properly

handled, this material could be used for domestic supplies in factories

where boilers with considerable grate areas could be arranged.

This material will, of course, require some preparation in the way
of drying and pressing to make it suitable for fuel. Steps are already

being taken to use some of the muskeg mosses as surgical dressings, and

there is no doubt but what many other uses could be found for this ma-
terial, such as insulating and deadening in buildings, substitute for ex-

celsior for packing, etc.

As the matter now stands, these deposits are wholly undeveloped and

are for the most part barren waste, notwithstanding the fact that by

suitable drainage and tilling very valuable agricultural lands could be

produced.
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REPORT OF COMMITTEE XVII-WOOD PRESERVATION.

C. M. Taylor, Chairman;

F. J. Angier,

F. L. C. Bond,

E. H. Bowser,

W. A. Fisher,

C. F. Ford,

C. J. Graff,

R. H. Howard,

C. H. R. Howe,

J. E. Johnson,

Dr. Hkraiann vox Schrknk, Vice-

Chairman :

G. E. Rex,

LowRY Smith,

O. C. Steinmayer,

H. Stephens (in Military Service),

E. A. Sterling,

C. H. Teesdale,

J. H. Waterman,
Committee.

To the American Railway Engineering Association:

Your Committee on Wood-Preservation respectfully nibmits its report

to the Twentieth Annual Convention.

The following subjects were assigned to your Committee by the

Board of Direction

:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes, with especial reference

to the subject-matter of "Water in Creosote."

2. Report on the compilation of service test records and extend them
to include treated timbers in bridges, docks and wharves. Include also

a critical study of the records of service given bj- the zinc-chloride treat-

ment and state definitely the results which may be obtained from that

treatment.

3. Report on the merits of water gas tar as a preservative, taking
samples of the preservative from timliers which have been in service, in

order to determine its quality.

4. Co-operate with similar committees of other associations with
the object of obtaining uniformity in practice and specifications, and re-

port thereon.

5. Report on preservative treatment for Douglas fir.

6. Report on indicators for determining the Burnettizing of ties and
timbers.

COMMITEE MEETINGS.

Meetings of the whole Committee were held in Chicago on July 16,

in Madison on October 10, and in Baltimore on December 11; in addition

to these, meetings of the various Sub-Committees were held, most of

which the Chairman was able to attend.

(1) REVISION OF MANUAL.

Proposed changes or additions to the Manual are indicated by under-

scored lines in the appendices.

In Appendix A the Committee sul»mits changes and additions on the

following items and recommends their adoption under the heading of

Conclusions

:

(a) Revised specifications for creosote oil.

(b) Revised specification for creosote-coal-tar solution.
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(c) Revised title to include creosote-coal-tar solution with creosote

oil under methods for determining absorption.

(d) Revised wording and fuller details in the analysis of creosote

oil.

(e) Revised specification for Zinc Chloride.

(f) New specification covering the method for determining the

strength of zinc chloride solution.

(2) TEST RECORDS TO INCLUDE BRIDGES, DOCKS AND
WHARVES. ALSO RECORDS OF ZINC CHLORIDE
TREATMENT AND THE RESULTS WHICH MAY

BE OBTAINED THEREFROM.

In Appendix B the Committee submits information concerning creo-

soted water tanks.

The Committee also submits the results of a very thorough investiga-

tion of the Burnettizing treatment and submits for information general

conclusions relative to the value of Zinc Chloride, Creosote Oil and as

mixture of the two.

It submits a revised specification for the treatment of ties by the

Burnettizing Process, which is recommended for adoption under the head-

ing of Conclusions.

(6) INDICATORS FOR DETERMINING THE PENETRATION
OF ZINC CHLORIDE IN TIES AND TIMBERS TREATED

BY THE BURNETTIZING PROCESS.

In Appendix C, the Committee submits as information an improve-

ment of the Bateman method as proposed by the Forestry Service.

PROGRESS REPORT.

The Committee reports progress on subjects (3) Water Gas Tar as a

preservative; (4) Uniformity of practice and specifications with other

associations; (5) Douglas Fir preservative treatment.

CONCLUSIONS.

Your Committee makes the following recommendations to the Asso-

ciation :

For Adoption and Publication in the Manual.

Subject (1)

(a) Proposed revision of specifications for Creosote Oil.

(b) Proposed revision of specification for Creosote-coal-tar

solution.

(c) Proposed revision of title to include Creosote-coal-tar solu-

tion with Creosote Oil under methods for determining

absorption.
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(d) Proposed revision of wording and fuller details in the

analysis of Creosote Oil.

(e) Proposed revision of specification for Zinc Chloride.

(f) Proposed specification covering method for determining

the strength of Zinc Chloride solution.

Subject (2) Proposed revision of specification for treatment of ties

by the Bumettizing Process.

Accept as Information.

Subject (2) Report on the creosoting of water tanks.

Report on the question of the treatment of ties with Zinc Chlor-

ide and the general rccomniendaticms and conclusions in

connection therewith.

Subject (5) Report covering improved method for determining

visually the penetration of ties treated with Zinc Chloride.

RECOMMENDATIONS FOR FUTURE WORK.

Your Committee recommends for next year's work : Continuation

of Subjects (1), (2), (3), (4), (5), (6), and as new subjects:

(1) Availability and use of Sodium Fluoride as a Preservative for

Cross-Ties.

(2) Creosote treatment to be used in the protection of piles in

teredo infested water.

Respectfully submitted,

The Committee on Wood Preservation.
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REVISION OF MANUAL.

Sulj-Coniiiiiltec : Dr. H. von Schrknk, Chairman; F. J. Angikr. W. A.

Fi.sHKR. C. J. Gr.xff and C. M. T.wlor.

The Committee reports that a joint committee consisting of represen-

tatives of the Preservative Committee of the American Wood-Preservers'

Association and of this Committee conducted a further investigation on

the question of "Water in Creosote" with special reference to the water

content of oil shipped in tank cars and the sampling of such cars before

being unloaded. The work to date strengthens our belief tha^ the Zone

Sampling Method, adopted as standard practice (see Vol. 18, A. R. E. A.

Proceedings, page 1271), is correct in principle, but that it needs a further

refinement for actual application. The Committee suggests that this

co-operative work be continued until the method is definitely determined

for all conditions.

The Committee, after a study of the specifications for creosote oil

and creosote-coal-tar solution, finds that the specifications adopted in

1912 should be revised. This revision is necessary because increased

safe-guards have been developed for enforcing the specifications. The
specifications herewith recommended are the result of several years' work

of committees of the .\merican Railway Engineering Association, Amer-

ican Wood-Preservers' Association and American Society for Testing

Materials. The three revised specifications differ from the specifications

now printed in the Manual only in the addition of certain clauses to make

the specifications more workable.

St.\ni).\rd Specification for Creosote Oil.

The oil shall be distillate of coal-gas or coke-oven tar. It shall

comply with the following requirements

:

1. It shall contain not more than 3 per cent, of water.

2. It shall contain not more than 0.5 per cent, of matter insoluble

in benzol.

3. The specific gravity of the oil at 38''/15.5° C. shall be not less

than 1.03.

4. The distillate, based on water-free oil, shall be within the fol-

lowing limits

:

Up to 210 degrees Centigrade not more than 5 per cent.

Up to 235 degrees Centigrade not more than 25 per cent.

*- 5. The specific gravity of the fraction between 235 decrees Centi-

grade and
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Up to 210 degrees Centigrade not more than 10 per cent.

Up to 235 degrees Centigrade not more than 40 per cent.

5. The specific gravity of the fraction between 235 degrees Centi-

grade and 315 degrees Centigrade shall not be less than 1.03 at 38°/

1.5.5° C.

The specific gravity of the fraction between 315 degrees Centigrade

and 355 degrees Centigrade shall not be less than 1.10 at 38°/15.5° C.

6. The residue above 355 degrees Centigrade, if it exceeds 5 per cent.,

shall h ave a float test of not more than 50 seconds at 70 degrees Centi-

grade.

7. The oil shall yield not more than 2 per cent. cf)ke residue.

8. The foregoing tests shall be made in accordance with the standard

methods of the American Railway Engineering Association.

It is urged that when Grades 2 or 3 are used, consideration be given

to the injection of a greater quantity of creosote oil per cubic foot.

Specifications p'or Creosote-Coal-Tar Solution.

The oil shall be a coal-tar product, of which at least 80 per cent, shall

be a distillate of coal-gas or coke-oven tar, and the remainder shall be

refined or filtered coal-gas or coke-oven tar. It shall comply with the

following requirements

:

1. It shall contain not more than 3 per cent, water.

2. It shall contain not more than 2 per cent, of matter insoluble in

benzol.

3. The specific gravity of the oil at 38 degrees / 15.5 degrees Centi-

grade shall not be less than 1.05 nor more than 1.12.

4. The distillate, based on water-free oil, shall be within the follow-

ing limits:

Up to 210 degrees Centigrade not more than 5 per cent.

Up to 235 degrees Centigrade hot more than 25 per cent.

5. The specific gravity of the fraction between 235 degrees Centi-

grade and 315 degrees Centigrade shall not be less than 1.03 at 38°/

1.5.5° C.

The specific gravity of the fraction between 315 degrees Centigrade

and 355 degrees Centrigrade shall be not less than 1.10 at 38°/15.5° C.

•J^ 6. The residue above 355 degrees Centigrade, if it exceeds 26 per

cent., shall have a float test of not more than 50 seconds at 70 degrees

Centigrade.

^ 7. The oil shall yield not more than 6 per cent, coke residue.

8. The foregoing tests shall be made in accordance with the standard

methods of the American Railway Engineering Association.
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Your Committee recommends that the precaution pertaining to inspec-

tion and precautions in the use of the creosote-coal-tar solution, as now-

appearing in the Manual, be changed to read as follows

:

Precal'tioxs To Be Followed in the Purchase and Use of the

Creosote-Coal-Tar Solution.

1. The specifications for a creosote-coal-tar solution is submitted

for the guidance of those desiring to use the coal tar addition to creosote.

2. There should be a distinct understanding between all concerned

that a mixture is specified and used.

f<
9.5cm.— >[

Fig. 1

—

Copper Still.

3. The refined coal-tar used shall be subject to inspection or analysis

by the railway company at any time, such examination to be permitted

upon request prior to the mixing of the solution.

4. In case the railway company makes its own solution of coal-tar

and creosote, using crude tar for this purpose, it shall specify clearly as

to the quality of the tar. Only low carbon coal-tar should be used, the

amount of free carbon not to exceed 5 per cent.

5. The coal-tar may be added to the creosote at treating plants

when suitable facilities for properly mixing the solutions are available.

otherwise the solution should be mixed by the manufacturer, but subject

to the inspection or supervision of the railway companj-. The coal-tar

and creosote should be thoroughly mixed at a temperature of approxi-

mately 180 degrees Fahrenheit before being applied to timber. The mixing
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should be done in tanks other than the regular working tanks, and the

tanks containing the mixture should be heated and agitated thoroughly

each time before any oil is transferred to the working tanks.

6. In treating with the mixture the temperature of the solution in

the cylinder should not be less than 180 degrees Fahrenheit.

<-- Thermometer

U - 38.75cm. >|

Condenser

Separatory

Funnel, ---

(Capacity
120 cc.) «<)!

Graduated
in -I cc.

H

Fig. 2

—

Assembled Apparatus for Water Test.

Your Committee further recommends that the title on page 548, 1915

Manual, dealing with methods for determining absorption, now reading

"Methods of Accurately Determining the Absorption of Creosote Oil,"

be changed to read '"Methods of Accurately Determining the Absorption

of Creosote Oil and Creosote-Coal-Tar Solution."

Analysis of Creosote Oils.

Since the adoption of the revised standard methods for analysis of

creosote oil, as printed in the Supplement to the Manual, July, 1917, Bul-

letin 197, and as a result of co-operative work between committees of



Wood Preservation. 127

this Association, American Wood-Preservers' Association, and the Ameri-

can Society for Testing Materials, certain slight corrections, changes and

additions have been made. Your Committee, therefore, recommends that

these be embodied in the standard specifications for creosote analysis.

Under paragraph 1, "Water," change the description for the appa-

ratus as follows

:

Water Inlet Water Outlet

Hook to Support Wire

Condenser

Cap of Filter Paper or
Alundum Wart

Filter Cup

- Wire Support for
Filter Cup

__t__i._

|< -- 6Scm. -->|

Fig. 3

—

Extraction Flask.

A vertical, cylindrical copper still, with removable flanged top, ami

yoke, of the form and approximate dimensions shown in Fig. 1, shall be

used.

In Fig. 2 add dimensions and explanatory words to the various parts

of the apparatus, as per attached drawing.

In Fig. 3, illustrating the extractor, add dimensions, as per attached

drawing.

In Section 3, Specific Gravity, under Apparatus, add: (c) If a very

accurate method is desired, the specific gravity may be determined by

means of a pycnometer or specific gravity bottle, as shown in Fig. 6, having

a capacity of at least 25 cubic centimeters.

Under Method add: (a) in front of the hydrometer method, and

after the words ''unnecessarily high temperature" add the following para-

graph :

"Before taking the specific gravity, the oil in the cylinder should be

stirred thoroughly with the glass rod, and this rod, when withdrawn

from the liquid, should show no solid particles at the instant of with-
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Corrcctrd to 38 /1 5. 5' C.

—

1.0398 X 99299 (D. water 3S degrees)
—1.0335

.99913 (D. water 15 degrees)

The incorrect method of calculation is as follows

:

80.2755— 23.7531

1.0351.

78.3600— 23.7531

Fig. 7. Add dimensions as per attached drawing.

<:~'*/ifyot.3.SSem.

CapacHyofOulb
!S0fo290ec.

Fig. 7

—

Retort for Distillation Test.

Change Fig. 7 to Fig. 8.

Change Fig. 8 to Fig. 9, and replace the diagram with the attached

drawing.

On page 85. under Method, following "The residue shall remain in

the retort with the cork and thermometer in position until no vapors are

visible ; it shall then be weighed," add : "If the residue is to be further

tested it shall then be poured directly into the brass collar used in the

float test or into a tin box and covered and allowed to cool to air tem-

perature. If the residue becomes so cool that it cannot be poured readily

from the retort, it shall be re-heated by holding the bulb of the retort in

hot water or steam, and not by the application of flame.

Add the following paragraphs and figures giving description as to

float test and coke residue

:

Apparatus

:

(a) Float or Saucer.—The float or saucer shall be made of aluminum,

and shall be of the form and dimensions shown in Fig. 10.

(bj Conical Collar.-—The conical collar shall be made of brass, and

shall be of the form and dimensions shown in Fig. 11.

Float Test Residue

:

Place the brass collar with the small end on the brass plate, which

has been previously amalgamated with mercury by first rubbing it with
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flilute solution of mercuric chloride or nitrate and then with mercury.

Pour the residue to be tested into the collar direct from the retort, as

described in part 4 on "Distillation," under Specification for Creosote

Oil Analysis: (See page 1265, Vol. 18), or heat it in a tin box on water

or steam bath, not by direct application of flame, and then pour into the

collar in any convenient way, until slightly more than level with the top.

The surplus may be removed after the material has cooled to room

Fig. Q^Asbestos Shield.

temperature, by means of spatula or steel knife which has been slightly

heated. Then place the collar and plate in one of the tin cups containing

ice water maintained at 5 degrees Centigrade, and leave in this bath for at

least 15 minutes.

Meanwhile, fill the other cup about three-fourths full of water and

place on the tripod ; heat the water to any desired temperature at which

the test is to be made. This temperature should be accurately main-

tained, and should at no time throughout the entire test be allowed to

vary more than 0.5 degrees Centigrade from the temperature specified.

After the material to be tested has been kept in the ice water for at

least 15 minutes and not more than 30 minutes, remove the collar with
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Coke Residue Test

:

Warm the bulb sHgbtly U> drive oft all moisture, cuol in a desiccator,

and weigh. Again heat the bulb by placing it momentarily in an open

Bunsen flame and place the tubular underneath the surface of the oil to

be tested and allow the bulb to cool until suflfiicient oil is sucked in to fill

the bulb about two-thirds full.

Any globules of oil sticking to the inside of the tubular should be

drawn into the bulb by shaking or expelle^ by slightly heating it, and

the outer surface should be carefully wiped off and the bulb reweighed.

This procedure will give about 1 g. of oil.

Cut a strip of thin asbestos paper about % in. wide and about 1 in.

long, place it around the neck of the bulb and catch the two free ends

close up to the neck with a pair of crucible tongs. The oil should then

be distilled off as in making ordinary oil distillation, starting with a very

low flame and conducting the distillation as fast as can be maintained

without spurting.

When the oil vapors cease to come over, the heat should be increased.

The bulb should be held in the highest heat of a Bunsen flame until the

evolution of gas ceases, and any carbon sticking to the outside of the

tubular is completely burned off. The bulb should then be cooled in a

desiccator and weighed and the percentage of coke residue calculated to

water-free oil.

Zinc Chloride.

The specification of Zinc Chloride appearing in the 1915 Manual,

page 551, is not present practice. It has been revised to conform
with present usage, and it is recommended that the following revised

specification be inserted in the Manual.

Standard Specification for Zinc Chloride.

The zinc chloride shall be acid-free and shall not contain more than

0.1% iron. Fused or solid zinc chloride shall contain at least 94% soluble

zinc chloride. Concentrated solutions shall contain at least 50% soluble

zinc chloride.

In presenting this specification, your Committee recommends that

it be printed with a separate heading in the new Manual.

Your Committee finds that the practice of using hydrometer read-

ings for controlling the strength of zinc chloride solutions in plant oper-

ations is very unsatisfactory, and is of the opinion that a standard

method for rapidly and accurately determining tlie strength of such

solutions is very much to be desired. It accordingly recommends for
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adoption and insertion in the Manual, the following method for deter-

mining the strength of zinc chloride solutions. This method has been

in use for many years and combines the factors of simplicity, rapidity

and accuracy. It should be clearly understood, however, that this

method is recommended only for the control of the solution strengths

in plant operation, and not for the technical analysis of zinc chloride as

purchased. The latter determinations can l)c made only by a chemist in

a properly equipped laboratory. For such analyses the zinc should be

determined directly by any of the well-known gravimetric methods.

Method for Determining the Strength of Zinc Chloride Solution.

Priiuifle.—Tlic chlorine . is determined by titration with standard

silver nitrate solution and then calculated into zinc chloride according

to the following equation

:

2 AgNQ., -f ZnCl. = 2AgCl -+- Zn ( NO.),..

Standard Silver Nitrate Solution : 1/10 normal silver nitrate per

litre of distilled water.

Indicator: Neutral potassium cbromate. K:;Cr O4 (Chlorine free).

saturated solution, 60 grams in 100 c. c. of distilled water.

Method of Procedure: (a) Specific Gravity.— .\ quantity of zinc chlo-

ride to be tested, sufficient to float the hydrometer, is filtered into a hydro-

meter cylinder. Filtration is unnecessary if the solution is perfectly clear

and free from Creosote Oil. The specific gravity of the filtered solution

at 70° Fahrenheit is then determined l)v means of a hydrometer having

a scale reading from 1.000 to 1.060.

(b) Titration.—Two (2) c. c. of the filtered zinc chloride solution

are introduced into a 500 c. c. Erlenmeyer flask by means of an accurately

calibrated pipette and diluted to about 100 c. c. with distilled water.

.^fter adding two (2) drops of the potassium cbromate indicator, the

solution is titrated with the standard silver nitrate solution, using a 50

c. c. glass-stoppered burette accurately graduated to tenths of a cubic

centimeter. The silver nitrate solution is slowly run into the flask until

the solution in the flask just begins to assume a permanent reddish tinge.

the flask having been gently shaken after each addition of silver nitrate.

(c) Calculation.—The per cent, strength of the zinc chloride solution

is calculated according to the following equation

:

c. c. AgNO.: X gm. Ag.NOs per c. c.

-XIOOX.401^% Strength CL
c. c. ZnCU X Sp, Gr, ZnCh
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In this equation, the symbols signify the following

:

AgN03=Silver Nitrate ; ZnCl2^=Zinc Chloride ;

136.31 ZnCl.
0.401= =

2X169.96 2 AgNOs
Grams AgNO:; per c. c.=Strength of the standard silver nitrate solu-

tion.

Example : Strength of AgNO:, 017 gr. per c. c.

c. c. of AgNO:^ used 8.2

c.c. of ZnCh..: 2.0

Sp. Gr. ZnCU 1.024

o 2V Q1

7

-^
'—-X.40lXl00=2.72%=ZnCh

2X1.024
The strength of the standard silver nitrate solution should be ap-

proximately 1/10 normal or 16.996 grams AgNO.-; per litre. The exact

strength of the solution must be known and should be indicated on the

bottle.*

(d) Precautions.—As the above method is based on the estimation of

the chlorine in the zinc chloride, it is essential to determine whether the

water used in making up the zinc chloride solutions at the treating plant

contains chlorides, and if so to make the proper deductions. Two (2)

c. c. of the water should be titrated exactly as described above. The

number of c. c. of standard silver nitrate solution required to produce

the color change should be noted, and this amount should always be

deducted from the number of c. c. of silver nitrate solution required for

the titration of the zinc chloride solution sample before making calcula-

tions. Where the chlorine content of the water used is found to be

variable check determinations should be made.

Use.—This method is for the control of the strength of the zinc

chloride solutions as used in actual treatment, and not for the analyses

of the fused or concentrated zinc chloride as purchased.

The standard silver nitrate solution should be made and standard-
ized only by a trained chemist; if the .services of such a chemist are not

available, the standard solution should be obtained from a reliable cheml-
cal supply firm.
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(2) REPORT ON THE COMPILATION OF SERVICE TEST REC-

ORDS AND EXTEND THEM TO INCLUDE TREATED
TIMBER IN BRIDGES, DOCKS AND WHARVES.

Include, Also, a Critical Study of the Records of Service Given by

THE Zinc Chloride Tre^mment and State Definitely the Re-

sults Which May Be Obtained from That Treatment.

The work on this subject was divided and given to two Sub-Com-
inittees. The first Sub-Committee was asked to "Report on the com-

pilation of Service Test Records and extend them to include Treated

Timbers in Bridges, Docks and Wharves." The Sub-Committee con-

sisted of E. H. Bowser, Chairman; J. F. Burns, C. F. Ford, C. J. Graff,

J. E. Johnson, O. C. Steinmayer and C. H. Teesdale.

The Committee begs to report progress on this work and submits

for information this year the work that has been done by the IlHnois

Central Railroad in generally using Creosoted Water Tanks as their

standard. A Creosoted Tank and substructure is shown in Fig. I. This

railroad has erected ten of these tanks to date and is building more.

Mr. C. R. Knowles, Superintendent of Water Service, Illinois Cen-

^
tral Railroad, reported to the American Bridge and Building Associa-

tion as follows concerning these tanks

:

The Creosoted Tanks built by the Illinois Central are of their

standard sizes, of 100,000 gal. capacity with a 20 ft. stave and 30 ft.

bottom, and 50,000 gal. capacity having a 16 ft. stave and a 24 ft. bot-

tom, no change having been made in the plans formerly used for the

construction of untreated wood tanks. The timber used is loblolly pine,

coming under the general specifications for tank timber, excepting that

no restrictions are made as to heart or sap. The timber is air seasoned

and should be permitted to season for three months in favorable weather.

The method of treatment employed is the Rueping Process, using about

5 lb. of oil per cu. ft. of timber. The oil is a coal tar creosote, coming
within American Railway Engineering Specifications, No. 1 Specifica-

tions. The tank towers, constructed of 12 in. by 12 in. posts and 6 in.

by 8 in. braces, roof, frost box, ladder and all timber entering into the

complete structure is creosoted.

A very important feature in the construction of these tanks is that

all timber more than 1 in. in thickness is framed before treatment, to

•secure the maximum life from the treated timber. The work of framing

the tank before treatment is given such careful attention that it is rarely

necessary even to bore a hole in the treated timber during the field

erection of the tank. The work of framing and treating is done by

company forces at the Grenada, Mississippi, creosoting plant. The tanks

are erected by line gangs. Thus, in the manufacture and erection of

these tanks the Illinois Central is independent of outside forces except

the mills which cut the timber and ship it to Grenada in the rough.

When one discusses creosoted tanks for the storage of water the

question is immediately raised as to the effect of the creosote on the water.

In the tank construction on the Illinois Central the presence of creosote

in the water heis been so slight as to be hardly noticeable and it has had

135
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no detrimental effect whatever upon the water. The Bureau of Industrial

Research of the University of Washington conducted extensive tests of

creosote wood stave pipe to determine its effect upon water for domestic

and irrigation purposes. The test was conducted to determine the effect

upon water carried by a 56 in. creosoted wood stave pipe line 22^ miles

long from the Lansberg intake on the Cedar River to the Volunteer

Fig. 1—Standard Creosoted Water Tank, Illinois Central Railroad.

Park reservoir in the City of Seattle. In conducting the experiment a

smaller pipe was used, but care was exercised to have the conditions in

the experiment representative of those existing in the larger pipe lines.

The conclusions of the Bureau were that there was no deterimental effect

of the creosote on the water. These conclusions were borne out fully by

the results on the Illinois Central and the creosoted tank has proven an

unqualified success.
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Your Committee feels that other railroads could well afford to in-

vestigate the matter of creosoting water tanks, as the life of a water

tank depends almost entirely on prevention of rot, and if the tank and

supports are properly framed and treated a very long life can be reason-

ably expected.

Zinc Chloride Treatment.

The second Sub-Committee was asked to make "A critical study of

the records of service given by the Zinc Chloride treatment and state

definitely the results which may be obtained from that treatment. The
Sub-Committee consisted of George E. Rex, Chairman ; R. H. Howard,

Dr. Hermann von Schrenk and J. H. Waterman.

The last general discussion on zinc chloride treated ties was a paper

by W. W. Curtis, printed in December number, 1899, of the Transactions

of the American Society of Civil Engineers. In this, Mr. Curtis gave a

full summary of track experiences in Europe and the United States. Since

that time there have been a number of tables and isolated discussions

dealing with the general subject of zinc chloride treatment. The ques-

tion as to what might be expected from treatment with zinc chloride is

of very general interest, particularly under the present emergency con-

ditions, and your Committee has, there' 3re, studied the question.

The supply of creosote oil had been verj^ materially curtailed by the

embargo on importation and by the large demands for crude coal-tar as

fuel. At the same time there has been the increased demand for creosote

oil by the Army, Navy and Shipping Board. In addition, the recognition

by the United States Railroad Administration of the necessity for using

an increased amount of treated material in railroad operations, has re-

sulted in a demand for much larger quantities of such material than ever

before.

In the following report your Committee presents such records as have

been found available, together with discussions, and the conclusions drawn
from track experience. It has formulated definite recommendations as

to methods to be followed in order to obtain the best results with zinc

chloride treatment, with general conclusions as to what may be expected

of zinc chloride treated ties when treated and used according to these

recommendations.

I. Actual Track Record*.

Your Committee is indebted to the following railroads for the track

records submitted: Chicago, Burlington & Quincy Railroad; Atchison,

Topeka & Santa Fe Railroad ; Chicago & Eastern IlHnois Railroad ; Chi-

cago, Milwaukee & St. Paul Railroad; Great Northern Railroad; Union
Pacific Railroad ; Chicago & Northwestern Railroad and the Wabash
Railway. These are actual track records involving in many cases entire

divisions as distinguished from experimental sections. Appended to the

following records are extracts from comments made by the engineers

who transmitted these records. Attention is called to the deductions
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which have been made, in some of the following tables, as to the rela-

tionship between the percentage of renewals and average life. These

figures are obtained from a curve* developed by the L'nited States Forest

Service (see figure).

II. Discussion of Track Records and Factors Influencing Length of

Service.

(a) Life Obtained.—A careful study of the track records and per-

sonal conferences with those familiar with the use of zinc treated ties

lead to the following conclusions as to the general service which may be

expected from ties properly treated with this preservative. Proper treat-

ment will, at least, double the life of an untreated tie in the same situation.

To illustrate: If a pine tie would give four years' life untreated, eight

years could be figured upon when treated with zinc chloride ; and the

same result would apply to other woods. To use another example: If

an untreated Douglas fir sawed tie, where the rainfall is 25 inches or less,

gives six years' life, it may be expected to last twelve years if properly

treated and protected from mechanical wear. If this same tie, however,

is used in a wet climate, say of 40 inches rainfall or more, it would

probably not give over four years' life untreated, but unquestionably would

resist decay eight years in the same climate if properly treated.

(ft) Influence of the Condition of the Wood Before Treatment.—
The experience of roads which have used zinc chloride treated ties clearly

shows that the best results are obtained only when thoroughly sound ties

are treated. Undoubtedly, many of the poor results obtained with zinc

chloride treated ties were due to the fact that many ties were more or less

rotten before they-were treated. Figs. 2 and 3 .show beech and pine ties

which looked perfectly sound on the outside, but. when cut oflf two inches

from the end, showed decay as indicated. Such ties as these, which often

are not detected, fail in a very few years. Decayed timber can never

be expected to give good service.

It is frequently stated that ties can be properly seasoned along the

right-of-way or where cut, and that anj' deterioration can easily be de-

tected by careful inspection. It has been demonstrated beyond ^all dot^*
that visual inspection of ties several months after cutting is not-^inly

impractical but frequently very misleading, because of the internal decay

not evident on the outside.

The successful preliminary preparation of ties is one of the most

vital factors in obtaining successful service, and it is necessary that ties

in all stages before treatment be kept in well-ventilated piles, free from

every possible kind of infection.

To help prevent these conditions, all ties should be shipped promptly

after cutting to the seasoning yard at the treating plant. This means that'

all yards should be kept free from weeds, decayed wood and standing

water.

Relation Between Average Lite of Ties and Percentage of Renewal.s, by-
Mabel E. Thorne (Proceedings 14th meeting, A. W. P. A., page 1.50, 1918).
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\

Fig. 2

—

Sap Rotten Beech Tie Apparently Perfectly Sound from
Outside Appearances.

piG. 3

—

Sap Rotten Pine Tie Apparently Perfectly Sound from
Outside Appearances.
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The best results from the use of zinc chloride treated ties can only

be obtained when the ties are thoroughly air seasoned before treatment.

This calls for carefully constructed tie piles, care being taken to keep the

stringers as far out towards the ends of the piles as possible and with

sufficient air spaces between the piles.

Careful records should be kept of the ages of the tie piles, for it has

been found far better to treat ties on the basis of age rather than on

visual inspection. The time necessary to properly air season will vary,

but in general the best results have been obtained by seasoning red oak

ties twelve months and pine ties about four months.

In order to assure proper information as to the age of ties, the Com-

mittee finds that some railroads have adopted the admirable system of

end-branding the ties as they are taken up by the inspector, with a figure

or paint mark, indicating the month of the year in which the ties were

cut, which practice we strongly recommend.

(c) Influence of the Kind of Timber.—Your Committee finds that

the life of zinc chloride treated ties is greatly influenced by geographical

factors, conditions of ballast, the amount of traffic, weight of rail. etc.

The service obtained is to be ascribed more to these factors than to the

kind of timber or the zinc chloride treatment.

In other words, while softwoods like pine have generally given

shorter service than hardwoods like oak, this difference is due to the fact

that the pine ties rail-cut more rapidly than oak, thereby giving an op-

portunity for water to lodge under the rail bearings and leach out the

zinc salt with the consequent more rapid decay of the pine ties.

(rf) Influence of Climate.—Climatic influences undoubtedly have a

large bearing on the possible length of life. A study of the tables clearly

shows that in regions of low rainfall and dry atmospheric conditions,

longer life has been obtained than in regions of high rainfall and high

humidity. It is also true that the same holds for regions of- low mean

temperatures as compared with regions of high mean temperatures.

{e) Influence of Treatment.—One of the most striking conclusions

obtained, from the study made, is that the quality of treatment has the

most direct bearing on the ultimate life obtained. It has been clearly

demonstrated that poorly treated ties give short service and well-treated

ties give longer service. Your Committee finds that poor treatment has

been caused by

:

1. Excessive steaming of green or partially seasoned ties, in order

to obtain any absorption at all. In a great many cases the absorption even

after such steam treatment was very poor.

2. The injection of an inadequate amount of zinc chloride.

3. Paying no attention to the relation between the strength of the

solution and the duration of pressure, resulting in a large amount of the

zinc chloride solution being compacted in the outer layer of wood, when
it should have permeated the entire tie.

4. The lack of intelligent and thorough supervision.
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(/) Leaching of the Zinc Salt.—One of the criticisms of the zinc

chloride treatment is that the preservative, being soluble in water, leaches

out and, therefore, can not be expected to give permanent protection.

A general investigation of the results clearly indicates that the leaching

process does not take place as rapidly as has been assumed. We have

determined from an examination of ties which have been in the track

for a number of years that they still retain zinc chloride well distributed

throughout the tie. This is more noticeable in drier climates. Your
Committee finds that while zinc chloride is a water soluble salt, it leaves

the wood very slowly and that sufficient is retained in the wood fiber to

give protection th^t will at least double the life obtained from the un-

treated wood.

Some years ago a series of leaching tests was made, taking twelve ties

for each test. A careful determination was made of the actual amount of

zinc chloride- absorbed by each individual tie. Some ties were thoroughly

air seasoned several months after treatment; others were used freshly

treated. These ties were submerged in water for 24 hours and then dried

for six days. They were again submerged for 24 hours and dried for

six days, this procedure being carried on for several months. After

each submersion the actual amount of zinc chloride which had leached

out was determined. The results obtained are shown in the accompanying

curves, a study of which shows two general results.

Curves A and B show that the loss of preservative from leaching is

about the same in the seasoned and freshly treated ties. The small excess

of loss from the freshly treated ties is not of any great moment. The
more important fact is that while the actual amount which has leached out

from the two sets is very nearly the same, yet the manner in which this

leaching took place is very diflFerent. The solution leached out of the

freshly treated ties (Curve A) much more rapidly than from the winter

seasoned ties (Curve B). This may be explained as follows:

In the case of the freshly treated ties there was a direct water con-

nection with the preservative in the wood* so that practically all the zinc

chloride leached out from the outside of the tie in a very short period

of time. With the seasoned tie a very gradual leaching took place from

all parts of the tie. This would mean in the case of the freshly treated

tie that the outside would very soon be unprotected, permitting decay to

start, while in the seasoned tie a more uniform displacement of the salt

takes place, insuring longer life.

The summer seasoned ties (Curve C) show a striking difference

compared with the other two. The rate of leaching was very much re-

duced during the same period of soaking and the total amount actually

leached out during a given period being very much less than for the

other two series. The ties seasoned from October to May, the winter

period, dried out very slowly and at the beginning of the test probably

*See "Seasoning of Timber," by H. von Schrenk, Bureau of Forestry,
Bulletin 41, Page 12.
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still contained considerable water in the wood cells while the ties sea-

soned from May to July, the summer period, dried out much more rapidly

and more completely than the winter seasoned ties. These tests were

made under extraordinarily severe conditions, and it is reasonable to

assume that if these ties had been in track, the results probably would

have been still more striking.

(g) Checking of Zinc Treated Ties.—One of the results found by

actual track inspection is that many zinc treated ties were taken out be-

cause of checking. The extent of checking varies with the climate, ballast

conditions, and the kind of wood, and appears to be peculiar to zinc

treated ties .and d(ies not prevail with creosoted ties.

(h) General Reasons for Failure of Zinc Chloride Treated Ties.—
As already indicated, zinc chloride treated ties have failed because (1)

partially decayed or improperly seasoning before treatment
; (2) im-

properly treated, either from excessive steaming, insufficient absorption

of preservative, or unequal distribution of preservative throughout the

tie; (3) poorly protected against mechanical wear; and (4) for lack of

careful supervision of the entire process of treatment.

These factors have undoubtedly contributed much to the severe criti-

ci'sm of zinc chloride treatment. Your Committee feels that too much
stress cannot be placed upon a proper recognition of these facts. A
thorough study has convinced us that many of the records of short life

are unquestionably to be ascribed to either one or more of the reasons

given above. Your Committee feels thoroughly warranted in making

this statement, particularly since so much better . results have been ob-

tained in recent years, due to a better recognition of the factors which

make for good treatment. Your Committee, however, presents a number

of photographs showing recent authentic cases of so-called zinc chloride

failures, from which it is very evident that the blame must be placed on

the timber or the manner in ^[^hich it was treated rather than on the

process. In one case (Fig.AJ red oak ties were steamed for approxi-

mately eight hours. The photographs show the appearance of these ties

after five years in the track. On this section of track the renewals after

five years were due almost wholly to the shattering of the ties. The wood
was not decayed and the ties failed because the excessive steam treatment

'J '
•

had weakened the wood. Fig.'^ illustrates what happened when ties were

treated with an insufficient amount of zinc chloride. After six years'

service a large percentage of these ties showed decay, both under the

rail bearing and at the ends, and had to be removed from track. Analyses

of the ties showed infinitesimal quantities of zinc chloride, which fully

accounted for their failure. Whether this was due to the injection of

too small an amount or to the attempt to treat unseasoned ties, we were

unable to ascertain.

Lack of proper mechanical protection stands out strongly as another

reason for frequent failure of zinc chloride treated ties. While proper

mechanical protection is essential on any treated ties, it is especially im-
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portant on those treated with zinc chloride. Very slight mechanical abra-

sion or injury permits the preservative to leach out of the tie. Hundreds

of thousands of zinc chloride treated ties have been removed from track

in which the ends and middle were perfectly sound, but which failed

immediately under the rail base.

Improper inspection and supervision of treatment is frequently respon-

sible for the failure of zinc chloride treated ties. The solution is color-

less and gives in itself no indication of its strength, nor is it easy to

determine penetration by borings. Visual inspection of penetration is

difficult, and more reliance must be placed on volumetric absorption.

Slight errors in determining the strength of the solutions may have serious

results. Zinc chloride treatment, furthermore, requires judgment of the

condition of the wood before treatment, and a complete appreciation of

the many variable factors making for good treatment require technical

inspection and supervision at all stages.

III. General Recommendations.

As a result of the study made, we submit the following recom-

mendations with reference to zinc chloride treatment and the use of zinc

chloride treated ties. The specification submitted takes the place of the

one given in 1915 Manual, page 531, headed Zinc Chloride Treatment.

1. Handling Ties Before Treatment.—Ties should be promptly

brought to the seasoning yard. .\11 piles should be marked showing the

age of the ties, and the fitness of ties for treatment should be based on

the number of months seasoned rather than on visual inspection. Under

all circumstances there should be absolute assurance that only sound ties

are treated.

2. Treatment.—All ties should be treated according to the standard

specification by the Burnettizing process, as follows :

Specifications for the Treatment of Ties by Burnettizing Process.

Seasoning.—No ties shall be treated unless they are thoroughly air

seasoned. The railway's representative shall at all times be the judge

as to whether ties are seasoned sufficiently to obtain the required absorp-

tion of the preservative.

Classification of Timbers.—Only the same kind of wood, and, as far

as possible, only the same sizes shall be treated in the same charge, unless

permission is obtained from the railway's representative to treat certain

specified kinds of wood or certain specified sizes in the same charge.

Absorption.—The amount of zinc chloride absorbed shall be on the

basis of an average of one-half (^) pound of dry zinc chloride per

cubic foot of wood. In any one charge the minimum absorption allowed

shall be .45 pound per cubic foot. If the average absorption falls below

this quantity, the charge will have to be retreated. The maximum ab-
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sorption allowed in any one charge shall be .55 pound per cubic foot.

Deficiency in absorption in any one charge shall be made up in subse-

quent charge s. Under no circumstances shall the actual solution used

be stronger than five (5) per cent. In all cases the solution shall be

as weak as possible with the highest possible volumetric absorption.

For red oak ties the solution shall be approximately four (4) per

cent., or less, and at least 20 per cent, by volume of the solution shall

be inj ected. For pine and other coniferous woods, the strength of the

solution shall be i;iot more than two (2) per cent., and at least forty (40)

per cent, by volume of the solution used shall be injected. For woods

other than oak and pine the volumetric absorption shall be as high as

possible. The exact figure to be used shall be determined by the rail-

way's representative. After determining this figure, the solution to be ,

used shall be as weak as possible, consistent with obtaining an absorp-

tion of one-half (yi) pound of dry zinc chloride per cubic foot and the

necessary volumetric absorption. The amount of solution absorbed shall

be determined by calculations based on the gauge readings of the work-

ing tanks. The gauge or gauges should frequently be tested as to their

accuracy. This absorption should be checked occasionally by weighing

an entire charge of ties before and after treatment on a suitable track

scale. The weighing of one charge in ten shall be considered sufficient .

The strength of the solution at all times and at all stages shall be care-

fully controlled by chemical titration, using a silver nitrate solution with

potassium chromate indicator.

Treatment.—All ties after being placed in the cylinder shall be subject

to a preliminary steam treatment for at least one hour and not more

than two hours, at a pressure not exceeding 20 pounds. .\fter the

steaming, a vacuum shall be drawn for one to two hours, and where it

is necessary to break the vacuum in order to empt}'^ the cylinder of con-

densed water, a subsequent vacuum shall he drawn following the empty-

ing of the cylinder. In all cases the most complete vacuum, consistent

with the elevation of the treating plant, shall be obtained.

The zinc chloride solution shall then be introduced into the cylinder

at a temperature not less than 130° F. nor more than 180° F.. and a

temperature of at least 150° F. shall be maintained throughout the entire

operation. A pressure of approximately 125 or more pounds per square

inch shall be applied for a sufficient period to obtain the proper vol-

nmetric absortion.
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Any ties, regardless of the amount of preservative injected, shall be

deemed Gomplctcl}- treated when, at an}' time during the latter part of

the pressure period, the pressure having been held at 165 or more pounds

continuously for a half-hour period, the absorption during such a period

is less than five (5) per cent, of the total volume of zinc chloride solu-

tion which is to be injected into the charge.

3. Handling Subsequent to Treatment.—Cross-Ties treated with zinc

chloride should be air seasoned, preferably at the treating plant after

treatment, for at least 60 days before insertion in the track. We base

this recommendation on the following factors

:

1. Thorough air seasoning of treated ties will give increased

strength to cross-breaking and increased spike-holding

power. It will also result in reducing plate rail wear.

2. Air seasoned ties will show a saving in shipping weight.

3. By air seasoning ties either at the treating plant or at dis-

tributing jards a better distribution will be obtained than

if the}- are scattered on the right-of-way.

4. Air seasoned ties will show a reduced tendency to leaching.

5. It is essential to air season zinc treated ties to prevent signal

disturbance.

6. By air seasoning tics at storage \ards, a shipping reserve

will be established, to be drawn on when cars are available.

4. Supervision and Inspection.—All stages of the handling of ties

both before and after treatment require careful supervision. It is strongly

recommended that provision be made for the thorough supervision of all

stages of the treating process by a competent technical man, preferably

of chemical training, at the treating plant, under the direction of the

railroad official in direct charge of wood preservation.

IV. Where and When Zinc Treated Ties Can Be Used.

The geographic region in which zinc chloride ties could be recom-

mended was made the subject of study by the Committee. Realizing that

the present emergency conditions warrant the use of zinc chloride, in

many regions where under normal conditions it would not be used, a

meeting was called at Madison, Wisconsin, on October 10th, consisting

of representatives of the entire timber treating industry, both operating

and manufacturing. The purpose of the meeting was to determine the

best possible procedure under the emergency conditions, with the re-

sult that the following resolutions were unanimously adopted ;

1. "That the line of demarcation for the present emergency practice

as between zinc chloride and creosote oil in treatment of cross-ties, north

and west of which zinc chloride should be used, follow the line of

45-inch rainfall starting on the coast of Texas and going north to the

point where the south side of the extended line of the state of Tennessee
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would intersect the 45-inch line, follow the south side of Tennessee to

the ridge of the Alleghenies, thence following the ridges of the AUeghenies

until it intersects the 40-inch rainfall line and thence along the 40-inch

line to the Canadian border."

2. "That where due to emergency conditions the supply of creosote

oil is not available for ties in region smith and east of this line, zinc

chloride be used."

Your Committee recommends that these resolutions be submitted to

the Association for approval while the present emergency conditions pre-

vail. The basic line upon which the use of zinc chloride treated ties has

been drawn wa^ developed from information submitted to the Committee

by the United States Forest Service and from information collected by

the Committee covering actual track service. It is anticipated that in a

subsequent report your Committee will give additional information as

to the proper geographic distribution of zinc chloride treated ties, to be

followed under normal conditions.,

V. General Conclusions:

Your Committee, recognizing that the conclusions to be drawn from

track records and track tests may lead to a too optimistic conclusion as

to what could be expected on an average over the whole field, and per-

haps obscure the possible result to be obtained from other preservatives,

while we have faithfully tabulated the service records and other data

obtainable, feels that misleading conclusions may be drawn, unless we
present the general aspects of the whole situation after the study we

have devoted to it, so we, therefore, submit the following conclusions

:

1. That creosote is the best timber preserving agent known for all

purposes, and by reason that its composition is not affected by either

rainfall or temperature, and in addition has a lubricating effect on the

wood which diminishes the injury due to mechanical wear, and this com-

bination of qualities places it at the head of all treating preservatives.

2. That where for economic reasons creosote oil is not available,

or other conditions of maintenance will not justify the expense for

creosote treatment, the adoption of zinc chloride is without question

justified in the treatment for ties. Climatic conditions will go further in

determining the economy of this treatment than in any other, and as

one can unquestionably figure on doubling the life of the untreated timber

by its use, and in dry climates this life will undoubtedly be extended.

3. That in localities where the rainfall is excessive and with a

Inunid atmosphere, where good zinc chloride treatment would be un-

favorably influenced by leaching, and in any climate where checking

of the timber is likely to be excessive, or the mechanical abuse of the

fiber is extreme, and it is not considered possible to secure a straight

creosote treatment, the introduction of some lubricating agent with zinc

chloride will have a beneficial effect in retarding the destruction of the

timber from the above causes.
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CHICAGO, BURLINGTON & QUINCY RAILROAD, WYOMING
DISTRICT. REPORT OF EXPERIMENTAL TIES.

ALLIANCE DIVISION.

Location—Near Mystic, S. D., east end of Bridge 73 and laid a little

over thirty rail lengths.

Kind of Ballast—Lime Stone and Black Hills dirt.

Tie Plated or Not—Full tie plated.

Weight of Rail—75 lbs.

Rail Changed—Outside rail of curves changed in 1909.

Weight of Rail Originally in Track—75 lbs. laid when ties were laid.

Weight of Rail Now in Track—75 lbs.

Kind of Timber—Red Oak.
Where Treated—Edgemont, S. D.
When Treated—1900.

How Treated—Standard practice at that time, Initial Vacuum, steam
from one to three hours, average absorption i^ pound Zinc Chloride
per cubic foot.

When Laid in Track—October 1, 1900.

Number Originally Placed in Track—550.

Number Still in Track—350.

When Last Inspected—Oct. 2, 1918, by W. G. Dungan, Supt. Asst., John
Cavanaugh, Sec. F., R. C. Pearson, Engr., H. S. Sackett, C. M. &
St. P. R. R., and J. H. Waterman.

Remarks—
In 1912 3 were taken out for the laboratory.
In 1913 18 w^ere taken out account decay.

In 1914 50 were taken out account decay.

In 1915 51 were taken out account decay.

In 1916 5 were taken out account decay.

In 1917 35 were taken out account decay.

In 1918 38 were taken out account decay.

Total 200 were taken out to date, or a little over 36%.

Above ties laid on a 3% grade and a 12 degree curve. 1009^ of them
gave twelve years' life, 64% of the ties are still in the track. In other
words, 64% have given us 18 years' life. I believe we could get an aver-
age of 15 years' service out of Red Oak ties properly treated with Zinc
Chloride in Western Nebraska, Colorado, South Dakota and Wyoming.
Untreated Red Oak ties would not give over 6 years' life, probably 5.

CHICAGO, BURLINGTON & QUINCY RAILROAD. WYOMING
DISTRICT. REPORT OF EXPERIMENTAL TIES.

STERLING DIVISION.

Location—Mill Posts 41 to 42 between Bridgeport and Alden, Neb.
Kind of Ballast—
Tie Plated or Not—Not tie plated prior to 1913.

Weight of Rail—90 lbs.

Weight of Rail Originally in Track—75 lbs.

Weight of Rail Nozv in Track—90 lbs.

Rail Chaiigcd—19\3.
Kind of Timber—Fir Ties.

Where Treated—Sheridan Tie Plant.

When Treated— \900.

How Treated—Standard practice at that time, Initial Vacuum, steam
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from one to three hours, average absorption Yi pound Zinc Chloride
per cu. ft.

When Laid in Track—1900.

Number Originally Placed in Track—3,200.

Number Still in Track—2,525.

IVhen Last Inspected—Oct. I, 1918, by J. T. McShane, Supt., J. Toohey,
R. M., H. S. Sackett, Timber Engr., C. M. & St. P. R. R., and J. H.
Waterman.

Remarks—

•

490 ties or .153 of these ties taken out up to and including 1916.

7 ties or .002 of these ties taken out in 1917.

178 ties or .056 of these ties taken out in 1918.

Total 675 ties, or a little over 21%.

Note: 78.91% have given us 18 years' life. I believe that a Fir
Tie, properly treated, in Nebraska, Colorado, South Dakota, Wyoming
and Montana will give 15 years' life, providing the rail is 85 pounds or
heavier with a good standard tie plate. The mile South of these ties

laid with Untreated Fir Ties, average life 6 years. Your Committee is very
conservative when they say a tie treated with Zinc will double the life

of an untreated tie.

CHICAGO, BURLINGTON & QUINCY RAILROAD. REPORT OF
EXPERIMENTAL TIES. WYOMING DISTRICT.

STERLING DIVISION.

Location—Two miles of track between Sidney, Neb., and Peetz, Colo.,

M. P. 84 and 86.

Kind of Ballast—Peetz Gravel.

Tie Plated or Not—Tie plated when laid with 90 pound rail.

PVeight of Rail—% lbs.

Weight of Rail Originally in Track—7S lbs.

Weight of Rail Now in Track—90 lbs.

Date Changed— Sept., 1916.

Kind of Timber—Black Hills Pine.

Where Treated—Edgemont, S. D.
When Treated—In 1900.

How Treated— Standard practice at that time. Initial Vacuum, steam from
one to three hours, average absorption ^ pound Zinc Chloride per

cu. ft.

When Laid in Track—Fall of 1900 and winter of 1901.

Number Originally Placed in Track-—6,354.

Number Still in Track—4,968.

When Last Inspected—Oct. 1, 1918, by J. T. McShane, Supt., J. Toohey,
R. M., H. S. Sackett, Timber Engineer, C. M. & St. P. R. R., and

J. H. Waterman.
Remarks—There were originally laid in this track 6,354 ties

Up to and including 1913 in the two miles 285 ties

Taken out account decay

:

In 1914 we took out account decay 103 ties

In 1915 we took out account decay 60 ties

In 1916 we took out account decay 75 ties

In 1917 we took out account decay 823 ties

In 1918 we took out account decay 40 ties

Total ties taken out to date 1,386 ties

Total percentage 21.81 taken out to date.
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Note.—78.19 per cent, of these ties have already given us 18 years'

service, which indicates that in Western Nebraska, Colorado, South Da-
kota and Wyoming ties properly treated with Zinc will give good service.

I do not hesitate to make the statement that we ought to get an average
of 15 years' life out of this class of ties properly treated, providing the

rail was 85-lb. or heavier, using a good heavy tie plate. Untreated Black
Hills Pine will not give us over 5 years' life.

THE ATCHISON, TOPEKA & SANTA FE RAILROAD COMPANY.
Hewn and Sawed Pine ties inserted near Newton, Kansas, between

M. P. 179/264 and 184/3036, treated with chloride of zinc and inserted

in 1904 and 1905 ; treatment as follows

:

Air seasoned, Initial vacuum, 24 inches; 45 minutes; 20 lbs. steam,

three hours, 30 minutes; pressure 100 lbs., two hours; temperature 200
degrees Fahrenheit; absorption. Hewn ties, .58; Sawed ties, .52.

In-

Kind of Tie. serted.

Hewn Pine 1904
Hewn Pine 1905
Sawed Pine 1904
Sawed Pine 1905

Hewn Pine, 1904; 14 years in track. Percentage, 22.59.

Hewn Pine, 1905; 13 years in track. Percentage, 54.13.

Sawed Pine, 1904 ; 14 years in track. Percentage, 33.89.

Sawed Pine, 1905 ; 13 years in track. Percentage, 12.50.

Num-
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CHICAGO, MILWAUKEE & ST. PAUL RAILROAD COMPANY.
300 BuRNETTizED Red Oak Ties, Laid at McLaughlin, S. D., in a

Semi-Arid Region.
Per Cent.

Taken Out Total Re-
Year. Inserted. 1913. 1914. 1915. 1916. 1917. Removed, moved.
1906 300 1 13 43 47 15.7

500 Sap Pine Burnettized Ties, Laid at Mcrristown, S. D., in a
Semi-Arid Region.

Per Cent.

Taken Out Total Re-
Year. Inserted.) 1913. 1914. 1915. 1916. 1917. Removed, moved.
1906 500 10 43 53 10.6

500 Sap Pine Burnettized Ties, Laid at Washington, Iowa. Rainfall

Between 30 and 35 Inches.
Per Cent.

Taken Out Total Re-
Year. Inserted. 1913. Removed, moved.
1903 500 31 104 removed between 1913 and 1917 135 27.0

GREAT NORTHERN RAILWAY COMPANY.
Office of Engineer, Maintenance of Way.

Summary of Tie Renewals.

Tie Life Record Miles—Various Divisions.

Treated Ties.

Number Ties Years Renewals
Originally in Num- Per

Division. Line. Placed. Service. bers. Cent.

Minot Granville 2,848 14 934 33
Minot Granville 2.580 14 655 25
Butte Shelby 2,601 15 2,239 86
Butte Billings 2,562 10 39 1

Kalispell Main 2,823 13 2,501 88
Kalispell Main 2,708 13 2,254 83
Spokane Main 2,918 14 2,918 100

Totals (7 miles) 19.039

Average ( 1 mile) 2,720

LTntreated Ties.

Minot Granville 2,824

Minot Granville 2,540

Butte Billings 2,989

Butte ' Billings 2,916

Kalispell Main 2,165

Spokane Main 2,894
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Extract from Letters from Ralph Budd, August 17th and 21st, 1918.

"These figures show in a general way the life of the treated tie to be

approximately double that of the untreated tie.

"It will be noted the several stretches of track located on parts of our

line subjected to an annual rainfall, ranging between 12 inches and 25

inches.

"I can say positively that the results have been highly satisfactory,

and that in the section of the country where we use Zinc Chloride, namely,

east of the Cascade Mountains, on account of the moderate rainfall, we
believe the Zinc Chloride treatment fully justified, even in normal times

when creosote can be obtained.''

UNION PACIFIC RAILROAD.

While the Union Pacific does not present any specific test, we quote

from Mr. Huntley's letter of September 17, 1918, what we consider very

interesting and instructive information

:

"Treatment of Wyoming Pine Ties by the Zinc Chloride Process was

commenced in January, 1903, and during the period January, 1903, to

July, 1905, specifications called for the use of .4 of a pound of zinc

chloride to the cubic foot of timber or 1.4 pounds to the tie, based on

3.5 cubic feet to the tie. From July, 1905, to February, 1913, this was

changed and specifications called for the use of J4 pound of zinc chloride

to the cubic foot of timber, or .875 of a pound to the tie, based on 3.5

cubic feet to the tie.

"Present specifications call for the use of .4 of a pound of zinc

chloride to the cubic foot of timber.

"As shown by monthly report of Wyoming Pine treated ties removed

from tracks by divisions, a great many of the ties placed in tracks in

1903. 1904 and 1905 show 11 and 12 years' and in some cases 13 years'

service, while quite a number of ties treated during the period of July,

1905 to 1913, when specifications called for the use of ]/^ of a pound of

zinc chloride to the cubic foot of timber, show the average life as seven,

eight and nine vears."

CHICAGO & NORTHWESTERN RAILWAY.

Quotations from Letter from G. M. Davison, August 24, 1918.

"Have no definite tests to submit, but we are satisfied that ties treated

with a half-pound per cubic foot of chloride of zinc have twice the life

of untreated ties.

"In regard to the practice of seasoning after treatment ; we try to

season these ties sixty days or more, but, under conditions that exist

this year, they are not stored or seasoned."
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WABASH RAILWAY COMPANY.
St.'vtement of Zinc Treated Ties Furnished to the Wabash Railway

PER Their Record, and Total Treated Ties Marked with

Dating Nails in Track, January 1, 1918.

Eastern Division.

(Detroit to Peru.)



Appendix C.

(5) REPORT ON INDICATORS FOR DETERMINING THE BUR-
NETTIZING OF TIES AND TIMBERS.

Your Committee begs to report that considerable work has been

done on this matter during the year. The Sub-Committee in charge was

F. J. Angier, Chairman ; Dr. Hermann von Schrenk, Geo. E. Rex and

O. C. Steinmayer.

The basis for the investigation was the work done by E. Bateman,

Chemist on Forest Products, and his report issued by the United States

Department of Agriculture, Forest Service, Circular 190, entitled "A
Visual Method for Determining the Penetration of Inorganic Salts in

Treated Wood."

In his method a representative disk of the treated wood is cut as a

test piece. The freshly cut surface is dipped for an instant in a 1 per

cent, potassium ferrocyanide solution. The entire surface should be

moistened, but the disk should remain in the solution not more than 10

seconds. After the disk has been thus moistened, the excess of the

solution is removed from the face by blotting paper. The moistened block

is then dipped into a 1 per cent, solution of uranium acetate and allowed

to dry. At first the whole block may have a reddish tinge, but, on drying,

the untreated portions will have a dark red or maroon color, while the

treated portions will be slightly whiter than the natural wood."

"On account of the color of the uranium ferrocyanide the test cannot

be used on red oak, because the natural color of the wood masks that

•of the uranium compound."

Mr. Bateman, in order to determine the accuracy and reliability of

this method, analyzed borings taken at various depths from the surface

of a sap tie and found that this method "is capable of detecting the

presence of zinc chloride in treated wood when present in amounts as

small as 0.17 pound of salt per cubic foot of wood, or rounding off the

second decimal, 0.2 pound per cubic foot."

While this method has been in use for several years, many operators

have found that the method of applying the test was not satisfactory, and

also that the line of demarcation between the treated and untreated areas

was not clear and distinct.

Your Committee has developed the following method, which con-

tinues to use the same chemicals as given by Bateman.

The apparatus required is an ordinary atomizer (see Fig. 6). Stock

solutions of uranium acetate containing 5.64 grams dissolved in 250 cubic

centimeters of distilled water and of po!:assium ferrocyanide containing

2.44 grams dissolved in 250 cubic centimeters of distilled water are the

two chemical solutions required. Fifteen cubic centimeters each of these

stock solutions are mixed together in the atomizer before making the

tests. The mixture oxidizes when left standing for more than a day and,
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therefore, the two chemicals must be kept in separate bottles until they

are mixed for using.

The disk of wood is completely sprayed with the mixture by means

of the atomizer until the whole surface of the disk shows a reddish-brown

coloration. The disk is then allowed to dry either in a warm room or in

a drying oven. After this drying period, a faint line of demarcation is

apparent between the treated and untreated areas. A second application

of the mixture is then made over the area of demarcation. This applica-

tion, upon being allowed to dry, brings out very distinctly the demarcation

line and shows thei depth of penetration of the preservative.

Fig. 6

—

Acorn Atomizer.

If a very distinct line is required for photographic purposes, repeated

applications with the mixture and drying between applications will give

a still more distinct line.

Your Committee feels that these changes in the application of Mr.

Bateman's method is a very decided improvement and should be used

by all operators in checking the penetration of the preservative in the

Burnettizing process.

The Committee is working on a method for determining the penetra-

tion of Zinc Chloride in Red Oak and hopes to have this ready for next

year.
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Committee.

To the American Railway Engineering Association

:

The Committee on Yards and Terminals submits herewith its Twen-

tieth Annual Report

:

The subjects assigned to the Committee by the Board of Dirccti( n

for consideration are as follows :

'

Make critical study of the subject-matter in the Manual, and sul)niit

definite recommendations for changes.

Report on Unit Operation of Railroad Terminals in Large Cities.

Report on handling of freight in double-deck freight houses and cost

of operation. Also report on handling of freight by mechanical

means.

4. Continue study of typical situation plans for passenger stations and

methods of their operation.

5. Report on classification yards, including methods of switching from
classification yards to advance yards.

6. Report on advantages of a small sorting yard witli grade sufficient for

gravity switching to be located between classification and advance

pocket, for the purpose of switching trains into station order.

The Roll of Honor of the Association includes the following mem-

bers of your Committee :

Major W. G. Arn,

Major A. C. Everham.

Lieut.-Col. F. E. Lamphere.

At a representative meeting of the Committee called to plan the

season's work and held in the rooms of the Association at Chicago on

June 18, 1918, it was the feeling of the members that, on account of the

war conditions and because of the Federal operation of railroads. Sub-

ject No. 2, "Unit Operation of Railroad Terminals in Large Cities," was

one of such importance that it could well engross the best efforts and
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thought of the Committee. It was agreed that each member of the Com-
mittee should familiarize himself with the work, methods and informa-

tion obtained by the local unification committees in his vicinity, and

from this and his own experience be prepared to unite in proposing a

complete, logical and practical general method for the proper unification

of terminals, as useful as the Committee's Catechism of last year on

"War Emergency Yard Improvements."

The Committee believed that there was no other work which its mem-
bers might do which would be of more benefit both to the general rail-

road situation and to the members' individual road than this.

It was agreed that, as the congestion in traffic movement had ex-

tended over a somewhat greater time in the Eastern territory, there would

be a greater opportunity for study of relief measures near some Eastern

Terminal.

There was almost unanimous approval and encouragement by the

Regional Directors of the proposed plan of handling this feature of the

Association's current year's work so that the Committee was permitted to

and did comply wholeheartedly with the suggestion of the Regional Di-

rector that a meeting be held in Philadelphia. This meeting was held

August 27th to September 1st, inclusive, in Philadelphia and Atlantic

City, and during the morning, afternoon and evening sessions, which were

held to the number of fifteen, there were present thirteen members of the

Committee, and as guests : Messrs. G. D. Brooke, Allegheny Region,

U. S. R. A.; E. H. Lee, Chicago & Western Indiana Railroad Company;
F. E. Morrow, Chicago & Western Indiana Railroad; J. J. Snavcl_v, New
York, New Haven & Hartford Railroad.

At the close of this meeting the preliminary report upon Subject No.

2 was forwarded to the Secretary and was immediately issued as advance

information in a Bulletin of the Association, Volume 20, No. 208. It

has since been widely distributed by each Regional Director.

The individual after-experiences of the members of the Committee

lead them to believe that one result of this distribution of the preliminary

report by the Regional Directors among outside officials has been the

creation of an interest in the Association in the minds of a number of

railroad Transportation and Operating oflficials not now members, which

should be later, if fostered, of mutual benefit to your Association and

themselves.

A third general meeting of the Committee was held at the office of the

Secretary of the Association in Chicago on November 18th and 19th, at

which there was a good attendance of members of the Committee, and,

by invitation, Mr. F. E. Morrow, Chief Engineer, Chicago & Western
Indiana Railroad.

For the final report of the year it was voted :

Subject No. 1.

That Committee recommend no change in the current subject-matter

in the Manual.



Yards and Terminals. 161

Subject No. 2.

Unit Operation of Railroad Terminals in Large Cities

Definition.—Unit Operation of Railroad Terminals contemplates such

modified control and use of individual organizations and properties in-

chiding physical changes therein as will serve the transportation purposes

of the terminal district, considered as a unit, with the greatest expedition

and economy.

President Wilson has repeatedly emphasized the necessity of con-

servation of men and materials as the means of winning the war and he

and others have shown, without peradventure, that the concerted, patriotic

efforts of those men at home, engaged in essential employment directed

in intelligently organized teamwork, are the means of successfully main-

taining our soldiers on the front line. Therefore the self-sacrificing, un-

selfish and untiring endeavor of every man is demanded, regardless of

rank or station, as a duty which is as evident and as exacting as that

of the man in uniform.

There is no other single industry or calling which so directly and

vitally affects the maintenance of our armies as that of Transportation,

and it is the cherished purpose of every railroad man to give the best

that in him lies, and it shall be his pride, after victory, to be able to

point to the vast army of railroad men and say that in this whole

multitude there was no slacker. This may be realized only provided no

man shirks a duty which imposes increased labor, responsibility, or the

doing of a little more or the doing of a thing a little differently from

the manner in which he has agreed to perform it or has performed it

in the past.

This is the time of an emergency, and the Bible itself tells us that

it is not only proper but our duty to set aside its command if our ox is

in the ditch, and to get him out. Therefore, any human contract, prin-

ciple or ideal which conflicts with or would obstruct the endeavor to get

the most out of the means we have for serving our Government in con-

servation of men and materials must yield for the time being, in whole

or in part, to the greater obligation.

The railroads of the country have been likened to a broad, deep

canal, ample to bear all commerce which it may be desired to, carry upon

its surface; and the terminals, to locks, which possibly are neither so

wide nor so deep, and whose operation requires time, so that the capacity

of the system is limited by the capacity of the locks.

It is necessary then, in order to make congestion as slight as poss-

ible, to concentrate endeavor upon the locks—the terminals.
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It is evident that if the terminals are kept open, the whole system

may be kept in motion.

Congestions are malignant infections, which first appear in the ter-

minals and spread to the tributary lines and even to other terminals,

though the cause may often originate outside of them.

To keep open the terminals and to prevent or to cure congestions,

the best advantage must be taken of every facility within the terminals

and remedy must be applied to the causes beyond the terminals which

make or contribute^ to the trouble.

The aggravating causes outside of the terminals may be lessened

by routing around the terminal and by the refusal of shipments at the

points of origin in times of threatened congestion. That is, the trouble

should be attacked as near the source as possible.

The most effective cure within the terminal is the adoption of good

methods and practices of operation in a system of terminal facilities con-

structed or reconstructed upon a comprehensive plan developed to best

fulfill the requirements of each particular situation.

In the present emergency, time is of essence, and extensive physical

changes are generally neither advisable nor practicable. Therefore the

most immediate relief must be sought in the improvement of operating

methods and practices which may be put into efifect at once, accompanied

by such physical changes as may be made quickly and are imperatively

necessary to effect savings in operation by making available the unifica-

tion of the existing physical plant.

At some cities or terminals, while pronounced benefits and advantages

may be secured by pooling or unifying existing facilities, etc., it may be

that the situation demands such relief as can be made effective only by

large capital expenditures and the obliteration of exclusive interests, at-

tended by extensive retirements, modifications and additions of facilities.

In such a case, where it can be foreseen that a plan of this kind

would prove justifiably and permanently advantageous to the move-

ment of traffic, the solution would seem to be the surrender of individual

properties and the merger into a terminal company or association of

all facilities in the terminal zone.

It is 'the earnest thought that each situation should be thoroughly

studied, and a comprehensive plan developed for each, before any ex-

tensive physical change be undertaken, and that either small or important

changes which are made should be in line of development of the ideal

plan.
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As has been said, the application and distribution of man-power to

achieve those methods and practices in operation that will give the

nearest approach to the ideal plan is the most imrnediately available

fruitful source of relief.

Fundamental Principles of Unification of Terminals

Underlying the unification of terminals are the following funda-

mental principles

:

(1) A terminal is a clearing point and not a storage point

for cars.

(2) Each and every facility within the unified terminal limits

must be considered absolutely a part of the whole plant. The

word "facility," as used, includes "man-power."

(3) The use of each individual part must be coordinated so as to

obtain the best use of the plant as a whole.

(4) Each individual operating organization must be coordinated

and directed under one head.

The full application of these principles should give the most eco-

nomical operation of the plant:

By accomplishing the most expeditious and efficient movement of

By avoiding duplications of service, as switching, clerical and

other work, and of facilities; and

By employing man-power as well as physical facilities and me-

chanical power to capacity, where and when necessary.

As prerequisite to terminal unification, the following information, or

its equivalent, should be obtained and anaWzed

:

(1) A situation or key map on a small scale showing or indicat-

ing:

(a) The entering lines;

(b) The terminal facilities of each line;

(c) The interchange connections and junction points of the

lines in the district to be unified;

(d) The location and capacity of yards; engine terminals.

Including coaling and water stations, cinder pits, sand-

houses and engine parking tracks; freight houses,

transfer platforms and team-tracks;

(e) The location and track capacity of large industries and

private warehouses.
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(2) Larger scale maps, indicating the facilities of each road, in

sufficient detail, for critical study.

(3) Topographical maps of the territory, where necessary.

(4) Record of traffic handled by each line, divided:

(a) As to local or through, as referred to the district;

(b) As to prevailing and possible routing; and

(c) As to preponderance of direction of tonnage due to

commodities and seasons.

(5) Outline of present method of operation, considering:

(a) General movement;

(b) Transfer or interchange movement;

(c) Use of individual facilities, yards, engine facilities,

freight houses, etc.

(6) It is the thought that the investigation of and recommen-

dation for any terminal unification should be made by a representa-

tive committee composed of representatives of all departments

—

transportation, engineering, mechanical and traffic officials, including,

where complex situations are involved, at least two members from

other locations than the terminal under study, and in every case

officials responsible for operating the consolidated terminal.

(7) The officials should be clothed with authority and instructed

to make the recommended unifications effective within or by definite

dates.

Catechism on Unit Operation of Railroad Terminals

In the operation of the unified terminal facilities, the load should be

distributed evenly among all units so as to secure their constant normal

use at the most intense efficient rate, coupled with avoidance of any

excess peak load on any unit, treating both the individual carrier's ter-

minal and the unified terminal always as a part of the railroads as a

whole.

Certain captions under which improved conditions may be obtained

by unification have been selected and, while constantly bearing in mind

the fundamental principles first enumerated, questions are asked under

each caption which will suggest changes that will be fruitful of good

results in any unification where local conditions are favorable.

QUESTIONS.
Interchange.

(1) Are you now handling maximum number of cars by the most

economical or direct route, either existing or reasonably attainable?
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(2) Can the number of interchange movements be reduced ad-

vantageously by combining movements from various origins to various

destinations?

(3) Can you extend the practice of reciprocal interchange now

wortxSng so advantageously at many points?

(4) Are you interchanging directly between yards instead of on

assigned interchange tracks? Could not delay and rehandling be

reduced by so doing?

(5) Are you, as far as practicable, making interchange with

regular crews who are familiar with the routes and the work to be

done?

(6) Can volume of direct interchange be increased by minor

track changes or changes in practice?

(7) Are interchange facilities at any point inadequate for periods

of heavy traffic under new conditions, and, if so, is it practicable at

reasonable cost to make necessary increase of capacity, or is it better

by rerouting interchange to relieve the situation?

(8) Have you any separate route of interchange that could be

discontinued to advantage by consolidation with another route?

(9) Can you have cars grouped, either in cuts or solid trains,

before they reach the terminal, so as to reduce terminal switching?

(10) Can interchange in any terminal be reduced to advantage by

rerouting through outside junctions?

Consolidation of Industry and Team-Track Switching.

(11) Have all industrial plants sufficient track capacity and

other facilities so that cars may be promptly placed, loaded or un-

loaded to the full capacity of the plant during each working shift

without unduly frequent switching or interference with plant opera-

tion?

(12) Can you arrange for "one line" switching of individual or

grouped industries or team-tracks?

Consolidation of Yards.

(13) Can greater efficiency in yard operation be obtained through

the consolidation of the yards of one or more railroads:

(a) By dividing large terminals into zones and assigning

as great a number of receiving yards to as small a

number of classifying yards as possible, thereby as-

sembling the maximum number of cars into the mini-

mum number of classifioations?
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(b) By pooling similar yards of neighboring raMroads so

as to conserve yard room, avoiding both the duplica-

tion of switching and interchange between yards?

(c) By consolidating existing facilities, adapting such com-

bined facilities to a new program of operations which

disregards prior uses, with or without minor physical

changes; or by pooling the same in the sense that one

line's facilities are used to serve the overflow of traffic

confronting a neighboring line's facilities?

(d) By combining the use of two or more yards to adapt

them to the segregation of freight with respect to

commodities or destinations?

Consolidation of Engine Terminal Facilities.

(14) Can you re-assign or coordinate the use of engine terminal

facilities so as to avoid or reduce delay and congestion, reduce ex-

pense and engine miles, or improve supervision?

(15) To whst extent can neighboring engine terminal facilities

be adapted to the economical housing and handling of engines grouped

according to the nature or location of their service or their size with-

out regard to road ownership?

Consolidation of Car Inspection.

(16) H?s "single inspection" been instituted wherever cars are

interchanged?

(17) Can greater efficiency be obtained by consolidating the car

inspection forces at adjacent yards, junctions or stations?

(18) Are car inspections and repairs so made as to insure

safety and prevent further damage to equipment and lading?

(19) Is such inspection made so as fully to detect violations of

loading rules and are these rules effectively enforced in every case

of such violation?

(^0) Has the force of inspectors been EDUCATED to the mak-

ing of effective inspection and is the inspection followed unremit-

tingly by the making of adequate repairs?

Consolidation of Car-Repair Work.

(21) Can you obtain greater efficiency through extending con-

solidation of car repair forces and facilities:

(a) By combining in one repair yard the work of one or

more roads?

(b) By combining the forces and facilities in a given zone?
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(22) Do you require car inspectors at outlying points to repair

cars as far as possible and to make light repairs to cars in industrial

districts where cars are "made empty" or placed empty for loading?

(23) Are you keeping maximum number of cars in service by

giving preferred attention to those needing light repairs?

Consolidation of Car Records.

(24) Can the number of records and incidentally the amount of

clerical work be reduced:

(a) By the consolidation of car record departments?

(b) By the consolidation of car record forces in yards

reasonably near, one to the other, whether these yards

are combined or not?

(c) By the elimination of certain intermediate car records

on each road through a more comprehensive and mani-

fold use of train and yard reports so as to supply the

greatest amount of information from each report?

Consolidation of Freight House Facilities.

(25) Can the freight houses of two or more lines be so com-

bined that certain houses may be used for inbound and others for

outbound business?

(26) Can the use of a freight house be discontinued trans-

ferring its business to another, or to a combination of other freight

houses?

(27) Can certain freight houses be assigned to designated

commodities (perishable or non-perishable)?

Transfer of Freight Between Freight Houses.

(28) Are you preventing transfer of freight between freight

houses:

(a) By loading more intelligently at originating points?

(b) By utilizing more fully in both directions drays, trac-

tors, trucks, tunnels, or other means of conveyance,

so as to reduce the use of trap cars and save re-

handling?

Consolidation of L.C.L. Business at Terminals.

(29) Are you coordinating:

(a) The routing of L.C.L. freight;
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(b) The use of freight houses at either end of the route;

(c) The use of transfer stations;

to avoid:

(1) Congestion;

(2) Unnecessary local transfer of freight between houses;

(3) Light loading of cars?

(30) Have you adopted "Sailing Days" for L.C.L. freight:

(a) To secure better and heavier loading of cars?

(b) To avoid breaking bulk in transit?

(c) To reduce loss and damage in transit?

(d) To avoid "overs and shorts" by such stowing in the

car as to make individual shipments readily accessible

in "peddler" cars at intermediate stations?

(31) What may be done in the way of extending railroad service

to include "store door delivery" of freight?

Consolidation of Team-Tracks.

(32) Can team-tracks in reasonably adjacent territory be con-

solidated and thus bring about:

(a) Reduction in classification?

(b) More intensive use of valuable terminal property?

(c) More prompt release of cars?

(d) Greater convenience to the public?

(e) Avoidance of a needless duplication of operation or

maintenance?

(f) The use of yards near passenger stations for baggage,

mail and express when desirable?

Bureau of Collection of Freight Charges.

(33) Where collection of freight charges is necessary at other

than stations, have you given consideration to:

(a) Collection for all railroads by zones as a matter of

economy and public convenience?

(b) Collection for all railroads from all sources by a

designated bureau?

Consolidation of Wharves, Docks and Elevators.

(34) Can you obtain greater efficiency in the use of waterfront

facilities of one or more railroads by consolidation of:

(a) Coal piers;

(b) Grain elevators;
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(c) Merchandise piers;

(d) Other piers;

so as to:

(1) Reduce number of units operated;

(2) Take full advantage of most modern facilities to re-

duce double handling of freight;

(3) Release facilities for other uses;

(4) Reduce switching or floatage;

(5) Secure more prompt release of cars?

(35) Will beneficial results follow the placing of all waterfront

facilities, or those in certain zones, under single control?

Consolidation of Passenger Station Facilities.

(36) Can you obtain greater efficiency in operation through

extending consolidation of the passenger facilities of one or more

railroads:

(a) By combining forces of two or more lines using the

same station?

(b) By using one or more stations for handling the busi-

ness of two or more lines, thus enabling certain sta-

tions to be closed?

(c) By coordinating the use of stations so as to handle

in the same station the traffic from or to certain

regions?

(d) By continuing the use of adjacent stations, but con-

solidating their forces?

(e) By abandoning passenger service on certain sections

of a line, the traffic affected to be accommodated on

other lines?

Consolidation of Passenger Station Switching.

(37) Can you obtain greater efficiency in operation through

extending the consolidation of passenger switching:

(a) By combining the switching of two or more roads,

using the same station, where esch now performs its

own switching?

(b) By combining the switching operations of adjacent

stations?

(c) By extending any existing joint service to include all

switching operation of passenger equipment within the

terminal?
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(d) By reassigning coach yards so as to reduce haul of

equipment to a minimum and to obtain maximum

efficiency?

(38) Can an existing freight or other yard and terminal be con-

verted into a purely passenger facility, effecting economy, reducing

congestion in both freight and passenger traffic, and decreasing haul

of empty passenger equipment?

(39) Can you use wye tracks or loops for turning trains?
]

I

Consolidation of Ticket Offices.

(40) Are city ticket offices, other than at stations, so consolidated

that all tickets for each road are sold by each ticket clerk?

(41) Are ticket forces now consolidated at stations used jointly?

(42) Can ticket forces of adjacent stations be consolidated to

advantage?

(43) Have you analyzed the necessity of continuing city ticket

offices outside of stations?

(44) Have you analyzed the ticket sales in the office to develop

the relative number of tickets sold to a certain few heavy traffic

destinations, with a view of improving the service by confining the

sale of such tickets to one or more windows?

(45) Have you considered at depot ticket offices the limited con-

solidation of sale of railroad tickets to heavy traffic destinations,

with the general sale of Pullman tickets, to improve service to the

public:

(a) By avoiding the sale of excess railroad fare, for privi-

lege of riding in Pullman cars, to passengers who

may later be unable to secure Pullman space?

(b) By avoiding delay to passengers at ticket windows?

(c) By retaining simplicity and accuracy in the internal

work of the ticket office, through limiting access to

the diagrams to isolated and the fewest possible reg-

ularly assigned clerks—whose duties are to mark

reservations and both to handle and check cancella-

tions—and providing telephone or other communica-

tion between them and window clerks?

Consolidation of Telegraph Offices.

(46) Can you obtain greater efficiency in the use of telegraph

facilities of two or more lines:
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(a) By further consolidation of adjacent offices?

(b) By using offices of one line in handling trains on an

adjacent line?

(c) By through routing of messages?

(d) By consolidating or coordinating relay offices?

(e) By a more general use of the telephone, telautograph,

automatic telephone, or other means of transmission;

attracting attention by visible or audible signals?

Conversion of Two or More Single-Track Lines into a Multiple Track

System.

(47) Can you convert two or more single-track lines into a

multiple track system, establishing currents of traffic, to expedite train

movement; to increase safety, capacity and train tonnage; and tn

promote economy?

Segregation of Freight and Passenger Traffic Upon Separate Tracks

Where Traffic is Now Mixed on Several Single or Double-Track

Lines:

(48) Have you considered the possibility of consolidating the

passenger traffic of several lines, now carried over three or more

main tracks, upon two main tracks:

(a) For the purpose of providing a better entrance to a

passenger station?

(b) For the purpose of setting free badly needed tracks

for use in freight service?

(c) For the purpose of securing freedom from interruption

by passenger train movements of freight, transfer or

switching movements?

Roadway and Structures.

(49) Have you, with the intensified use of terminals, made

proper arrangements for the maintenance and improvement of all

yard and main tracks and structures to such standards as will render

them reliably serviceable under the new conditions?

(50) Are there limitations of curvature, clearances or other

conditions that may interfere with plans of unification in any case?

(51) Are the terminal buildings located and so maintained that

the maximum efficiency of the terminal operation may be attained?

(52) Are trains delayed on account of inconvenient or remote

locations of billing offices?
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(53) Are terminal buildings reasonably accessible to the homes

of employes? How should this condition be improved?

(54) Are proper conveniences in the way of rest rooms provided

for female employes; and are the buildings properly lighted, venti-

lated and heated?

"Catechism of Yard Design and Operation."

(55) Are you familiar with the pamphlet entitled "War Emerg-

ency Yard In^provements" of the American Railway Engineering

Association, issued February, 1918, and are all of the recommenda-

tions therein contained being observed in your terminals?

(56) Would not familiarity with the "Catechism of Yard Design

and Operation" contained in that pamphlet result in increased effi-

ciency?

(57) Should not a copy of that pamphlet be placed in the hands

of each official and employe concerned in yard operation?

Subjects Nos. 3-4.

That the Committee make no report this year to the Association on

Subjects 3 and 4.

Subjects Nos. 5-6.

That the Committee has not pursued Subjects 5 and 6 to the extent

of being able to offer anything new on the general subject of classification

yards, but has made some inquiry as to practices and given the time of

one meeting to the discussion of the particular subject of switching from

classification yards to departure yards—especially as regards the use of a

small sorting yard located between the classification yard and the de-

parture yard.

The Committee finds some conflict of opinion as to advisability of

providing such an auxiliary yard, but in so far as it has information, up

to this time, provision for such an intermediate yard has seldom been

made in yard designs or at any rate in the actual construction of yards.

In some classification yards the sorting of cars into station order or

into other similar secondary groupings is accomplished more or less com-

pletely by the construction and use of a sorting yard tributary to the

hump with its ladder next to the outside track of the main yard and

with its short body tracks diagonal thereto. Another method of ac-

complishing the pme thing might be the subdivision of a few of the

-main classification tracks at one side of the yard by means of intermediate

ladders.

Your Committee thus far is impressed with the thought that gener-

ally the secondary sorting of cars into station order, etc., can be ac-

complished satisfactorily by supplementing the classification accomplished

via the hump with flat switching performed by trimmer engines either at
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the foot of the hump yard or in the departure yard, thus saving the addi-

tional investment, the increased length of terminal district, and the delay

to cars that would attend their delivery to and removal from the sorting

yard, if such an auxiliary facility were provided.

Nevertheless, there may be situations where the construction of an

auxihary sorting yard will be necessary, because it may be impossible to

provide sufficient tracks in the classification yard, or because the number

of the cars requiring classification into "set out" or placement order may

be too great to allow their switching at the departure end of the classifica-

tion yard, or in the departure yard, without undue interference with the

flow of traffic. Such an auxiliary yard should have a sufficient number

of tracks of length to conform with the particular requirements of the

situation, and where practicable, with assisting grades. In order to min-

imize the backward movement of cars this yard might be located be-

tween the classification yard and the departure yard at one side of the

regular current of traffic between these yards. In some cases it is prob-

able an alternate location would be alongside the departure yard.

CONCLUSIONS.

Your Committee concludes

:

1. That the preliminar}- report on Unit Operation of Railroad Ter-

minals in Large Cities including the Catechism on Unit Operation of Rail-

road Terminals, both printed as advance information in Bulletin, Volume

20, No. 208, August 20, 1918, as revised under Subject No. 2 in this

report, be published in the Manual of Reeommcnded Practice.

2. That the matter under Subjects 5 and 6 be received as. a progress

report.

SUGGESTIONS FOR NEXT YEAR'S WORK.

The Committee recommends that the subjects of this year be con-

tinued for next jear.

Respectfully submitted,

Committee on Yards and Terminals.



Appendix A.

UNIFIED OPERATION OF TERMINALS.

Abstract from Address Delivered by John F. Wallace Before the
assocl'vtion of commerce of the united states in chicago.

The terminal problem is really the big problem of our. railroad

transportation system, and its solution will automatically solve most of

our transportation complexities.

While the total mileage of terminal tracks may not be too much

—

and in certain localities may even be insufficient—the remedy lies not

entirely in additional tracks and facilities, but in a correlation and read-

justing of existing facilities and the operation within the terminal zone

along lines that will secure the maximum of efficiency.

Viewed from the standpoint of delays, the railway terminal becomes

even a larger factor in the transportation problem. The average freight

car travels about twenty-five miles a day. The average speed of a freight

train between terminals is ten or fifteen miles an hour. It is therefore

evident that the average freight cair spends twelve hours in the terminal

for every hour it spends between terminals.

Since the remed}-—whatever it may be—will eventually be applied by

Congress, it is highly important that the general public comprehend the

fundamentals of the present transportation situation and the general

nature of the changes in operation and control necessary to bring about

a more efficiently operated transportation system.

These changes will necessarily be of two kinds: First, physical

changes in terminal facilities; and, second, changes in method of opera-

tion.

The interchange freight should receive first consideration. It fre-

quently happens that a car of commodities consigned from a point in

the West to a point in the East is handled successively by several rail-

roads and at every place where it passes from one railroad to another

it goes through a terminal, often passing through the hands of an inter-

mediate company, occupying space in several railroad yards, congesting

interchange tracks and encountering days of delay.

The remedy for this condition is more direct routing—and a routing

that will pass the car around rather than through the larger railroad

terminals. Under present practice, a car may be handled miles out of its

direct course to destination in order to give a greater mileage to a pref-

erential railroad. Frequently the shipper is equally guilty with the rail-

road for this condition. The interest of economy demands that the car

-should pass in as direct a line as possible and with a minimum of delay

from point of origin to destination over the most economical route.

To inaugurate unified operation it should be possible—even during

the temporary period of Government control—to provide that each rail-

road terminal zone should be operated as a unit by one local manager.

This local manager should take over all of the railroad facilities within

the terminal zone and handle all the traffic therein.
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Railroads entering the terminal zone should turn over their traffic

to the local manager at points designated by him, and he should proceed

to handle this traffic to its destination within the terminal zone along

the most direct and economic routes and with a minimum of switching

and delays. Originating traffic should he handled in the same way.
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UNIT OPERATION OF LARGE TERMINALS.

By H. J. Pfeifer, Chief Engineer, St. Louis-East St. Louis Terminal
District.

The railway facilities, existing at the convergence of a considerable

number of railway lines, almost always a large city and its environs,

constitute a large terminal. It is spread out over an area of two hundred

to one thousand square miles in extent, and is usually an industrial center

of magnitude. Jlnto, out of and through it pass both passenger and

freight traffic.

In a number of large terminals, passenger facilities and operations

are already at least partly unified, through the establishment of Union

Stations, and where they are not, the cost in money and time of bring-

ing about unification is so great that consideration of the subject, under

war conditions, is hardly worth while. Therefore thought and atten-

tion should be centered on the unit operation of large freight terminals,

with a view to determining what, if any, economies can be secured by

this means.

Terminal handling of freight involves two distinct processes, the

movement of a car loaded or empty, and its loading or unloading at

warehouses, team-tracks, stations, stock-yards, industrial plants, etc.

This discussion will be confined to an attempt to determine the basic

principles governing terminal car movement. Assuming that a large

terminal is the center of a circle with railway lines radiating toward it,

almost invariably, for topographic or other reasons, they approach the

terminal in groups and are not uniformly spaced around the circle.

Without unified operation little or no advantage can be taken of

this, because under individual operation each line brings its train into

its own yard; where it is broken up and reassembled with cars from

other trains for delivery to intermediate or direct connections, or for

final delivery for loading or unloading on the line itself. Outbound

trains are assembled ready for the road by reversing the process just

outlined. As every line entering the terminal handles its traffic on the

same general basis, much intermediate switching is necessary to affect

car interchange between lines, which accounts for the existence of the

belt and switching lines and yards in every large terminal. The process

of moving a car through a large terminal individually operated is briefly

as follows

:

The inbound train containing the car enters the yard of the initial

line, where it is broken up. The cars of which it consists are regrouped

with those of other inbound trains and delivered to local points -for

loading or unloading, to direct connections, and to intermediate connec-

tions, where the regrouping process is repeated one or more times until

the car is either in a train ready for movement beyond the terminal

limits, or placed for loading or unloading. As cars cannot be econom-
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ically moved except in trains of considerable size, no group of cars can

ordinarily be transferred from one yard to another until the necessary

time has elapsed to accumulate a train large enough for movement.

Intermediate switching, which almost always involves extra car mile-

age, as well as delay and expense, is necessary, because many, in fact

most lines, do not interchange enough cars with each other to justify

direct handling, for the reason that trains of sufficient length for trans-

fer do not accumulate rapidly enough. The intermediate line takes cars

from and for all, and by reclassifying accumulates trains of sufficient

size for economical handling much more quickly than the individual

line.

In a system of completely unified freight terminals the control by

an individual railroad over its inbound freight train ceases with its

delivery on a receiving track in an assigned yard, within the terminal

limits, and does not begin over its outbound train until it is built up

complete in readiness for road movement ; all intermediate service of

every nature is performed by the terminal organization. It can readily

be seen that the more railroads there are, and the greater the extent

of the industrial district served, the greater and more complicated is

the service to be performed.

With unified terminal operation, facilities are so arranged that a

number of lines deliver and receive their trains with road power in the

same yards.

For example, roads A and B are so close to each other that the

trains of one can enter the yards of the other with little if any excess

mileage or expense. Each road has its own inbound and outbound yard

system. By assigning the yards of one for inbound, and of the other

for outbound movements, the following will result

:

The volume of traffic between the consolidated yards and every other

point in the terminal is the sum of that between the individual yards

and those points.

The number of classifications to and from the consolidated yards

will be reduced 50 per cent., and as a consequer.ce the number of cars

assembled in each classification in a given time will on the average be

doubled.

As each road now builds up its trains in its own yard for road

haul, after delivery of cars by connecting lines, there is no increase in

the number of classifications required for outbound movement.
If three or more lines are consolidated into one yard the number

of classifications will be proportionately decreased and the number of

cars assembled in each classification proportionately increased.

If roads A and B consolidate their yards and C and D do likewise,

the number of classifications moving between them will be in the ratio

of one for the consolidated yards to four for the individual yards, and

the number of cars assembled in each classification in a given time will

be four times as great.
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If six or more lines consolidate in pairs, the ratio of classification

will still be one to four, and number of cars in each classification four

to one.

If, however, six, nine, or more lines consolidate in groups of three

each, the ratios become one to nine and nine to one, respectively, and

with groups of four, one to sixteen and sixteen to one, respectively, and

so on.

It can readily be seen from what has just been said, that if a large

terminal is arranged so that the number of yards between which cars

are transferred is reduced, the number of cars moving in transfer, be-

tween each pai^ of yards in a given time, is increased
;
provided the

volume of traffic remains constant. It is also true that the number of

cars, moving in any transfer route in a given time, is approximately

inversely proportionate to the square of the number of yards served by

them. In other words, if a given car movement is handled through five

yards, there will be sixteen times as many cars in each transfer between

yards in a given time as if the same volume of traffic were handled

through twenty yards.

A consolidation as great as this would practical!}' eliminate all inter-

mediate switching and make possible the passing of cars through the

terminals with two classifications—one to break up the train as it comes

from the road or local point, and the other to build up the train ready for

the road or delivery to the local point.

The economies in time and expense resulting from such a consolida-

tion are many and varied, as follows

:

Elimination of one or more intermediate classifications, resulting

in a saving of car days, car damage, extra switching expense, loco-

motive hours and many other sources of delay and expense. The money

value of these savings depends, of course, on the size of the terminal

and the reduction in complexity of service it is possible to bring abo'.:t

through yard consolidations. That it will involve savings in time and

expense aggregating a value of millions annually in some of the larger

terminals is not an unreasonable expectation.

A unified terminal, such as is suggested, may be compared to the

telephone system of a large city. Each classifying yard corresponds to

a central exchange—the yard" forces to the telephone operators ; the

yard itself and the locomotives to the switchboard; the transfer tracks

between yards to the main trunk lines between exchanges and the cars

to the messages. Here, however, the comparison ends, because cars

cannot be transferred singly, but must be held until a sufficient number

have accumulated to make a train of proper size.

As the movement of a car through a terminal, or over a road, is

governed by its destination, regardless of its origin, the following

general principles governing the expeditious and economical movement

of freight cars through a large terminal, are suggested:

A—-The train being the unit in which car movement is conducted

between two points, cars moving to common points should be gotten
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together at as early a stage in their movement as possible, and kept

together as long as possible. Therefore, if two or more lines come into

a terminal from the same general direction their trains should enter a

common yard, so that cars moving to common points in the terminal

can be put together.

B—As cars can be kept more closely together in a small group of

yards, the number of classifying yards should be maintained at the min-

imum, consistent w^ith the movement of cars by reasonably direct routes.

C—As a given number of cars will accumulate in trains of proper

size, to be moved, more rapidly with a small number of classifications,

the minimum number consistent with securing the required separations

should be used.

D—As intermediate switching involves loss of time and extra ex-

pense, car movement should be consolidated as much as possible to

reduce it to a minimum.

The system of terminal operation above outlined is susceptible of

indefinite expansion as the traffic increases, without adding yards in

new locations with resultant changes in the routing of cars, provided

that the general direction of flow of traffic remains the same. The
classifying yards may be duplicated again and again in the same manner
that additional units are added to sectional bookcases and filing systems,

if one unit is too small.

If extensive new territory is developed or a distinct group of new
lines enters the terminal, yards in new locations may become necessary.

The suggested system of operation reduces the number of yards in

which classifying service is performed, and a number of yards in every

large terminal will be abandoned as classifying yards. They can be

used for the storage of cars classified or unclassified if that is neces-

sary; the holding of cars for prospective loading or for any similar

purpose.

It would seem possible to so arrange and consolidate the use of

existing yards and other facilities in every large terminal without

incurring any large construction expense, and thus bring about great

saving in car handling and classifying expense. These savings mean a

reduction in locomotive hours, car damage, clerical expense, car days

consumed and in many other waj^s.

A careful and detailed study of each large terminal, with a view

of determining what can be done toward securing operating economies

along the lines above described, would, in the opinion of the writer,

be fruitful of results of enormous value to the Government and trans-

portation interests of this country.
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IMPROVEMENT IN OPERATING METHODS OF INTER-

MEDIATE TRANSFER RAILROADS.

By E. H. Lee, President, Chicago & Western Indiana Railroad

Company.

It is the opinion of many well-informed railroad men that the

transportation work to be performed by the railroads of the country

during the coming winter will be from 20 to 40 per cent, greater than

that performed la^t winter, if traffic conditions reasonably to be ex-

pected are to be rhet. This increase in transportation work is caused

largely by reason of the various Governmental activities necessary in

the work of winning the present war, although the ordinary business of

the country is keeping up in surprising volume. The need for fuel is

greater than ever, although that portion handled along our eastern sea-

board by vessel must now be handled by rail. Prompt deliveries of other

war materials in heavy volume are imperative if the work of properly

maintaining and supplying our fighting force abroad is to continue. Food

materials and products must be moved to the seaboard promptly and

troop movements are increasing the demands upon the passenger facil-

ities of the country.

It is the purpose of this article to discuss the existing situation on

the railroads of the country with a view to determining what can be

done within the next four or five months toward improving existing

conditions, in order that the railroads may be more nearly able to meet

the demands that will then be made upon them.

It may be well to briefly review the conditions as they now exist,

although such a review will contain a statement of facts which are

well-known to most railroad men, and are coming to be better known
by the general public, and which may therefore seem more or less trite.

Until about ten years ago the railroads of the country expended

great sums of money for double track, the reduction of grades, the ex-

tension of sidetracks, the construction of new branch lines, and other

facilities for accumulating traffic and handling it more expeditiously to

the terminals, without any corresponding expenditure to improve facil-

ities in the terminals themselves. Recently more of an effort has been

made to improve and enlarge terminals; but on many of the railroads

the important terminal facilities in the larger cities are in great measure

what they were ten years ago. Although from the nature of the case,

since early in the history of the railroad industry, terminals have been

the principal points of congestion, this tendency has become greatly ag-

gravated during recent years. It is not too much to say that at this

time the capacity of the larger terminals of the country are the measure
of the transportation output which can be delivered by the railroads.

The railroad system of the country may be compared to a system of

canals in heavy use for water transportation, consisting of open channels

180
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interrupted more or less frequently by locks; in which the open channels

have been widened and deepened and made suitable for a still heavier

traffic without any corresponding change in the size or capacity of the

locks. In that case the locks offer an impediment to the flow of traffic,

and their capacity determines the capacity of the canal itself. Even the

open country facilities of the railroads have not kept pace with the

growth of the general business of the country, for reasons which are

well understood and need not be mentioned here. For the same reasons,

the maintenance of tracks, motive power and car equipment have been

rigidly kept to the lowest standard compatible with safety, so that as a

general average little or no reserve maintenance has been accumulated

during the last ten years.

A comparison of the consumption of steel rails during the last 20

years with the growth in mileage of all track and the growth in the

tonnage handled shows the tendency referred to and gives some idea

of the deficiency which exists in this item of track maintenance. This

consumption is fairly well shown by the following figures, which are

the result of an equated curve derived from a graphic statement fur-

nished by the courtesy of Robert \V. Hunt & Company

:

Consumption Total Track Gross

Tons. Miles. Earnings.

1898 1,000,000 245,000 $1,247,000,000

1907 3,000,000 328,000 2,440,000,000

1917 2,100,000 395,000 4,041,000,000

In an article written for the Iron Age by C. W. Gennet, of that com-

pany, it is estimated that the deficiency in rail renewals the country ove*-

at the present time amounts to a total of approximately 10,000,00'^ tons

The difficulty in securing rails for the use of the railroads at the presci

time is also shown by the fact that for the year 1917 the average rollings

of steel rails at the mills were 54,000 tons per week, whereas for the

ten weeks preceding July 20 the average rollings were only 30,000 tons

per week, and from this 30,000 tons it is fair to presume that a consider-

able quantit}' may have been required for use abroad.

The transportation work of the country is being handled by the

railroads at the present time in greater volume than ever before and

with reasonable dispatch. It will be remembered, however, that condi-

tions in the summer season lend themselves to maximum transportation

effort, whereas during the winter season this maximum effort is neces-

sarily reduced. Storms interfere with the regular flow of traffic and
low temperature reduces maximum trainloads, develops hidden defects

in the maintenance of motive power, and cause delays in the transporta-

tion process in many different ways. Railway men generally appreciate

that just as the destruction of the poor is their poverty, so congestion on

the railways propagates itself rapidly and causes further conrestion.
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In the last analysis congestion is the chief enemy of railroad transporta-

tion because it interferes with the one purpose of the railroads—the

movement of traffic.

In the manufacture of transportation, i. e., the movement of traffic,

certain things are fundamentally necessary to secure good results. Some
of these are financial ability or credit ; adequate facilities, including

tracks, motive power and car equipment, together with their various

appurtenances
;
good organization and discipline ; and good transporta-

tion methods and practices. A sound management for any railroad

secures all these things in so far as possible. As to credit, the Federal

Government is now behind the railroads of the country.

It will doubtless be conceded that the facilities of the railroads are

relatively much greater for handling traffic outside the more important

terminals than within them, and therefore the inference seems plain

that in order to secure the maximum improvement, any measures looking

toward an increase in their capacity for handling traffic next winter

should be directed toward the terminals rather than toward the open

country lines.

If prompt authority is secured, yards for the storage of cars may
be provided either adjacent to, or at points outside of and beyond

important terminals, where land is cheap and construction is easy, and

this car storage, if provided, will doubtless be of great value in keeping

tracks in working yards sufficiently clear, so that they may be reasonably

open for the receipt and necessary classification of business. It seems

certain, however, that the only improvements in track facilities which

can reasonably be expected to be available next winter within the larger

terminals themselves will be those secured by so-called coordination,

with the better balanced and therefore more complete use thereby secured.

Experience has shown, however, that any rearranged use of existing

track facilities should be carefully investigated, and adopted with caution,

because many cases have and will occur in which suggested changes are

only of superficial advantage and would probably be an actual disad-

vantage, considering the situation as a whole.

Energetic efforts are being made to repair the motive power of the

railroads, and if the need arises the Federal Administration will be in a

position to draw in power from the open divisions of the railroads for

use in terminals where congestion is most intense. It is also to be

expected that repairs to existing car equipment will be vigorously prose-

cuted. This is necessary and desirable, although it seems evident that

car equipment, in excess of the motive power and track room in im-

portant terminals to handle it, will be of little or no aid to the general

situation.

The various railroad organizations of the country have been con-

solidated under the new Federal control. Before the Government took

over the operation of the railroads these organizations differed to a very

considerable extent, both as to general character and efficiency. In some
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organizations ability, knowledge of human nature,, courage and fair

dealing on the part of the officers were rewarded by good discipline,

loyalty, company-spirit, and team-work, among the rank and file. Cor-

responding results in the way of efficient work, maximum output and

minimum cost were secured. Other railroad organizations may suggest

themselves where the conditions have not been so fortunate. Efficient

organization and discipline are apt to be of slow growth, and are the

result of intelligent and long-continued eflfort. The inference seems

reasonable that, particularly in view of the more or less unsettled

condition inherent to the recent change of control, no general change

can be expected within the next five months in the general standard of

efficiency of the various railroad organizations, and that those which are

good will continue good and those which are otherwise will so continue.

Of the requirements mentioned as fundamentally necessary for the

efficient manufacture of transportation only one remains, viz., good

methods and practices. It is just here, in the view of the writer, that

important changes and improvements may be made which will quite

radically improve the efficiency of the railroads as a whole, because they

will reduce congestion in the terminals, this being, as already stated, the

chief enemy to transportation efficiency as a whole.

Congestion is defined as a condition of undue pressure, a state of

unnatural crowding; and congestion on the railroads, like congestion in

the body, is a disease which interferes with the normal functions, and

is to be reduced by the use of various devices and means adapted to

remove the undue pressure in the parts affected. Two of the principal

causes of congestion in terminals, which in turn act in a vicious circle

with congestion itself, each to cause the growth of the other, are dead

time and the rehandling of cars. It is safe to say that any method or

practice which secures the maximum reduction in dead time, and in the

rehandling of cars, will also secure maximum reduction in the congestion

of terminals, and therefore maximum increase in the efficiency of the

railroads of the country as a whole.

For the purpose of this discussion, dead time is limited to and may

be defined as time spent by the train crew after an engine has been

manned, in getting out of the roundhouse, pulling up to and coupling

onto the train, testing the air, etc., at the outgoing end of the trip; time

lost in setting out and picking up ; and time spent in putting away the

train, with the various similar attendant operations at the incoming end.

This so-called dead time thus defined is to be distinguishable from time

spent in actually passing over the road. Its serious effect in terminaal

operation is not generally appreciated, being of much less relative im-

portance in open country operation than in terminal operation. This is

true because dead time remains more or less constant, while running

time tends to vary directly with the length of the run. As an illustra-

tion : Assume an open country division 100 miles long, average freight

running time over the division 8 hours; as compared with a transfer run
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in a terminal 12 miles long, average running time 1 hour. If the dead

time is in each case two hours, the dead time loss on the country

division is only 20 per cent., whereas on the transfer run it is 66 ^ per

cent. This comparison may seem exaggerated, but an investigation made
by the writer some years ago, which is believed to have been reasonably

accurate, disclosed that in an actual case under ordinary conditions and

where no undue congestion existed dead time as above defined consumed

65 per cent, of the total service time of all transfer trains.

Rehandling cars is brought about by a number of different causes.

Lack of proper method, as well as lack of careful and intelligent

planning on the ]part of Trainmasters, Yardmasters, and Conductors

responsible for transfer movements, is partly responsible, but these causes

operate during times of normal movement as well as during times of con-

gestion. The great cause for rehandling is undoubtedly congestion, which

is in turn further aggravated by the rehandling itself.

The two chief requisites for the rapid and efficient classification of

cars, in so far as facilities are concerned, are sufficient motive power

and sufficient open track room. The best results are obtained when
these two kinds of facilities exist in a proper ratio. It is well under-

stood that a deficiency in track room may up to a certain point be

equalized by a surplus of motive power, but that this can only be done

at the expense of additional rehandling, with the consequent increase in

congestion. On the other hand, it is hardly necessary to observe that a

surplus of open track room will not make good a deficiency in necessary

motive power.

If the foregoing discussion is reasonably accurate as to the facts

it may be continued with a view to determining their application and

as to what changes may be advantageously made in prevailing methods

and practices in order to secure an improvement.

At most minor terminals and junction points, direct deliveries are

made between the railroads, and at some points the chief improvement

possible is doubtless to be secured by a coordination of facilities when

practicable, and an improvement in methods, as, for instance, by the

reciprocal delivery of cars, thereby eliminating light running. In the

case of industries served by more than one line, it has been the general

practice in the past for each road to handle its own business into and

out of the same, although in one case familiar to the writer all such

industrial deliveries have been handled by a terminal railroad for the

tenant companies using its line for a period of over 30 years, and with

results entirely satisfactory in the way of a reduction of both engine

time and cost. Under the new Federal operation an arrangement has

been inaugurated at various points by which the business of all the

railroads to and from a certain industry or group of industries is han-

dled by one company, and this practice may be expected to become

general.

On the other hand, in the terminals of many of the larger cities

considered as a whole one or more transfer railroads have performed an
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important part in the process of receiving and delivering cars between

the various lines, and these transfer railroads become especially im-

portant during times of congestion. The transfer of cars in small ter-

minals and at junction points is relatively a simple matter, and with

proper care and attention, on the part of the railroad officers familiar

with the conditions, it ought to be put on a more uniformly satisfactory

basis. The transfer of cars over a transfer railroad in a large terminal

is more complicated, and in view of the difference in the service per-

formed, as between railroads of this kind, an analysis in each case

would seem desirable, to determine what changes are needed. One of

the broader differences is that some transfer railroads are used entirely

for the operation of trains handled bj^ the motive power and train crews

of their tenants, while others operate either in whole or in part with

their own power and crews. As the more important transfer roads in

large terminals are operated in the latter way, what follows in this dis-

cussion is considered as especially applicable to them.

Certain principles follow wqth the reasons therefor which are be-

lieved to be particularly applicable to terminal transfer railroads which

operate trains with their own power and crews, although some of these

principles are of more general application

:

1. The operation of transfer railroads should usually be re-

stricted as much as possible to the transfer of cars as distinguished

from the classification of cars. It follows that the through line

should so far as practicable deliver its cars to the transfer line class-

ified and straightened out into cuts for the various through lines

to which deliveries are to be made by the transfer line for through

line account. Such a transfer railroad as is being considered may

be compared to a thoroughfare connecting two camps or cantonments.

It may be of ample width to handle all the travel between them, if

team and foot travel is kept moving in column formation, at fair

speed, and without unnecessary steps, columns having been formed in

the streets and areas of the cantonments themselves. But if the

thoroughfare is used as a drill ground, for the formation of columns,

or as a recreation area, its capacity may be reduced to the vanish-

ing point. The main tracks of most transfer railroads are ample for

a larger volume of traffic than is handled over them, but in times of

congestion they are frequently blocked at junction points, yard en-

trances and connections by trains which are unable to get into yards

by reason of their crowded condition. These yards, in turn, are con-

gested by an oversupply of cars awaiting classification, which occupy

room which should either be reserved for the receipt of main line

transfer trains or which should be kept for the classifications which

are necessary and which cannot be made to advantage elsewhere.
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It should be observed that where through lines make direct de^

liveries to each other, they classify cars straight for the various rail-

roads as a matter of course. There seems no good reason why when

delivery is made through the agency of a transfer line the through

line should not continue to make the required classifications, at least

to a reasonable extent. In so far as the through business is con-

cerned, it is believed that the practice of considering and using the

transfer line as an agency for both classification and transfer, instead

of restricting its use so far as practicable to the transfer of cars,

is responsible for much of the congestion of terminals. The present

practice has been the growth of years. Until recently the transfer

road depended upon the through lines for much of its business, and

felt in no position to object to the dumping of business upon it re-

gardless of congestion or of how badly the deliveries might be mixed.

Under the old conditions the responsibility of the through line ceased

once it had delivered its cars to the transfer or belt line, and every

effort was accordingly made (the more congestion increased, the more

strenuous the effort) to unload on the transfer line, regardless of

ultimate consequences, thus "shifting responsibility."

With fiat switching ordinarily eight or ten classifications are

made without rehandling, a greater number being bunched and re-

classified. An analysis will show that in very many cases only few

classifications are required to straighten out a large proportion of the

business. In one case in Chicago about 50 per cent, of the through

transfer business in one direction goes to only two railroads. If all

cars for these lines were delivered to the belt line in straight cuts,

approximately 50 per cent, of the classification in that direction would

disappear and much of this 50 per cent, could be run in straight

trains from terminal to terminal, thus eliminating dead time and

helping to keep yards clear. Moreover, this preliminary classifica-

tion could be made with little or no additional expense by the through

line, because it must in^ any event switch out many cars, such as bad

orders, holds, and those for other deliveries. Also a considerable

amount of this preliminary classification could be done to advantage

at the division yards of the through line beyond the large terminals.

The place to control congestion is at or near the various points

where business originates. By proper measures the through line may

in a degree control congestion in its own important terminal yards,

by holding back business, something impossible to the belt line,

without the help of the through lines.
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Business moving even in heavy volume is not congestion, and

where they exist, belt lines if kept reasonably open and uncongested

are the best means of keeping cars moving in terminals, thus avoid-

ing congestion and blockades.

Preliminary or advance classification as above described is not

a theoretical measure, but has been used with success to prevent and

to lift blockades in terminals, many times.

2. Where transfer or belt roads are of considerable length and

where equipped with motive power to handle transfer trains, It is

the better practice to keep foreign engines off the belt line, perform-

ing the transfer service with belt crews. Better supervision can be

secured where train crews are kept at home. It is difficult, if not

Impossible, to enforce discipline over crews while operating on a

foreign road (particularly against loafing on the Job), even though

in theory they become the employes of that road while so engaged.

Moreover, discipline and standards of performance differ on different

railroads, being better on some and worse on others. Where foreign

trains and engines operate over a transfer road it ordinarily hap-

pens that the general movement is regulated by the slowest and most

indifferently operated train. There is also a difference in the standard

of power maintenance as between railroads. A stalled train caused

by the engine breaking down, not steaming or being overloaded,

delays all following trains, and if a foreign crew, the railroad officers

who should apply discipline have no direct stake in the failure, and

find excuses ready to hand. The practice of using foreign crews on

the transfer road is not sufficiently elastic. The crew may have a

full train in one direction and a light train in the other, because it

runs between two points only. The b«lt crew may be ordered to

any one of several different points, as the business may indicate.

3. Trains should be so made up that one engine will handle as

many cars as far as possible.

This principle is used in the operation of through lines very

generally. Under the new Federal operation trains of war material

have been consolidated and run solid over several different railroads

without breaking up, with a saving of time and expense. The ap-

plication of the principle on transfer railroads is even more Im-

portant than on the through lines, because it is one of the best ways

of reducing dead time, which, as we have seen, cuts so much more

figure on the belt line than on the through line.
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4. Where track facilities permit, the through line engine should

make deliveries to the belt line yard and should haul back its own
deliveries from the belt line yard. This eliminates light running.

It also fixes responsibility, something of great importance during

times of congestion because it permits the prompt application of the

remedy. This presupposes that the belt line has sufficient tracks for

both its receipts and deliveries, which will doubtless be true in most

cases, where its yards are kept properly clear. As the receiving

road controls its own receipts, this arrangement would give control

of both receipts and deliveries to the belt line, because unless the

through line keeps its receiving tracks clear by taking its business,

the belt line can shut it off, and this is as it should be.

5. Transfer trains should be loaded to capacity so far as prac-

ticable, because a light train costs about as much and occupies the

track facilities to about the same extent as a full train, while handling

less cars. No discussion seems necessary of this rather obvious

principle, although it is not always carried out in practice.

As will be observed, the foregoing discussion is largely directed

toward an improvement in the operating methods of an intermediate

transfer railroad. How important transfer railroads of this type are

to the business of the country is shown by figures prepared by the writer

in 1915 regarding one of the Chicago Belt Lines. With a roadbed mileage

ot only .012 per cent, of the mileage of the whole country, it handled

a tonnage equivalent to 1.03 per cent, of the total tonnage of the country.

Bearing in mind that terminal congestion retards the flow of trafRc for

long distances outside the terminals as a dam cuts off the flow of water

for miles above it, the vast importance of removing congestion and

promoting the flow of traffic through terminals becomes apparent.

It may also be observed in conclusion that some of the improvements

suggested as applicable to belt or transfer railroads, will be found of

equal advantage in connection with the work of terminal divisions of

some of the larger systems.

The three things among those suggested in this discussion which it

is believed would have especial effect in controlling congestion are the

construction of storage yards, outside the terminals ; the advance classi-

fication of transfer cars, to the greatest practicable extent; and an

extension of the authority of the men in charge of terminal operations,

whatever their rank or title, in order that they may better control the

flow of traffic to and through the terminals.
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THE TICKET SELLING PROBLEM.

By Miles Broxsox, Terminal Maxager, Grand Central Termixal,

New York Central Railroad.

We have at Grand Central Terminal probably as complicated a

ticket-selling problem as exists at anj- railroad station in the United

States. The original design of the Terminal presumably provided ade-

quate facilities and considerable leeway for the future, but as a matter

of fact we some time ago got to a point where, during maximum periods,

we had an insufficient number of windows. We have considered the

matter from all angles, and have tried to defer as much as possible

rather important and far-reaching constructional and architectural changes

which would be necessary in order to increase the facilities. As a result

of our studies we some time ago arrived at the conclusion that so far as

we are concerned segregation of various classes of ticket selling is a

bad arrangement, and that every window should be a universal ticket

office, dispensing anything and everything that could be obtained at any

other window. Our present arrangement divides the available space for

each railroad into three classes, viz : local, through and Pullman. We
are having built, and expect shorily to install on the New York Central

side, and probablj- later on the New Haven side, a new type of ticket

case, designed for us by Alfred Fellheimer, Architect, which will not

only make it possible to provide a complete stock of every kind of

tickets, including Pullman, at ever\- window, but the ticket cases them-

selves, will be units, which can be readily locked up, and portable, so

that they can be easily moved. We propose to furnish every ticket seller

with one of these cases, which is charged to him ; all the available win-

dows are to be common. The idea is that when one man goes off duty,

or is obliged to absent himself, except momentarily, and even then under

maximum conditions, he will first give notice and then close his case and

remove it, and another man will move up his case, open it, and proceed

to take care of the public. By this means we expect to increase the use

of our ticket windows at least 30 per cent., thus postponing the day

somewhat when additional ticket-selling facilities will have to be provided

This type of ticket case has been installed and is now in service at

the Railroad Administration Consolidated Ticket Office, No. 64 Broad-

way, New York, and is apparently justifying our confidence in it. The
opportunity for comparison between it and the old-style coupon or inter-

line ticket cases is excellent at that office, as all the other companies

represented at that office installed the old-style case.

We have also installed another innovation in connection with the

handling of the Pullman diagrams. An entirely separate room, some-

what remote from the ticket office, has been provided and equipped with

proper telephone facilities and racks for the diagrams, and we are now
handling 50 per cent, of all the Pullman space on New York Central
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trains out of New York at that office. As soon as we get the Fellheimer

ticket cases installed we propose to take out the remaining 50 per cent,

of space from the ticket office proper and handle that also at the new

Pullman office.

Under this system a ticket seller gets the desired Pullman space, by

direct intercommunicating telephone connections, in the presence of and

without turning away from the ticket buyer, and we find, as we expected

to, that this is a much faster method than the old arrangement.

I realize, of course, that this Pullman arrangement is not feasible for

a great many smaller offices, but I cannot express myself too strongly in

favor of the Felllieimer ticket case for any office, whether it sells only

local, or combinations of local, interline and Pullman.
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THE TICKET SELLING PROBLEM.

By B. W. Frauenthal, General Passenger and Ticket Agent, St.

Louis-East St. Louis Terminal District.

Our experience has proven that, in so far as this office is concerned,

the system of designating certain windows for one particular class of

business is very unsatisfactory. In order to do this, certain windows

must be assigned to suburban travel, others to coupon, local, etc., and as

a rule the public do not look at signs but invariably ask the seller to

point out the proper windows for the class of ticket they may desire.

When the time and inconvenience is considered, the passenger can be

handled much more satisfactorily by the seller first approached than by

compelling the passenger to seek another window. Furthermore, the

sellers in one set of windows may have more work than they can handle

at certain hours of the day, and the other windows be idle, or vice versa.

By handling all passengers, the sellers are kept busy at all times, and the

passengers suf^fer no inconveniences. Sellers also become proficient in

the sale of all kinds of tickets and not limited to any particular kind of

ticket, thus permitting us to use any of the men, in any position, at any

time.

In our opinion, the handling of Pullman tickets should be improved

by providing plenty space and proper facilities, permitting all diagrams

to be retained at the Union Station ticket office, obviating the necessary

expense and trouble of carrying the diagrams from the city offices or the

Consolidated City office to the station, where they eventually must come.

Of course, our present quarters are not arranged and the space is

insufficient to properly install such a system, but our suggestion would

be to have a large case constructed with separate compartments, exactly

the size of the Pullman diagrams, with an opening at either end, so that

diagrams would be easily accessible from the selling side or from the

opposite side, where as many employees as required would be stationed

with telephone equipment to take care of Consolidated City office calls.

For example, should one of our sellers have a request for ticket and

berth, he would remove the diagram from the selling side, insert the

ticket number and return the diagram to its proper compartment. If

the Consolidated City office should call for space, the telephone man would

remove the diagram, insert the ticket number and return to its proper

place.

This arrangement would minimize the number of redeemed tickets,

and prevent much inconvenience to passengers, as under the present sys-

tem the passengers must secure railroad ticket before purchasing sleeping

car ticket. He afterwards finds no space is available and must have the

ticket redeemed in order to purchase via some other route; whereas, if
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Pullman tickets were kept in the Union Station ticket office, the seller

would ascertain if space is available before selling the railroad ticket.

It is obvious that this system would require an increased force in

this office, and our present space would be entirely inadequate, as well

as improperly arranged. However, we believe this is the correct solution

to the Pullman problem in relation to the railroad ticket proposition.



REPORT OF COMMITTEE XVIII—ON ELECTRICITY.

Edwin B. Kaite, Chairman; A. G. Shaver, Vicc-Chainnan;

A. H. Armstrong, G. W. Kittredge,

H. M. Bassett, C. E. Lindsay,

Z. M. Briggs, H. K. Lowry,

D. J. Brumley, W. L. Morse,

H. M. Church, W. S. Murray,

C. S. Churchill, Frank Rhea,

R. D. Coombs, J. R. Savage,

Walt Dennis, M. Schreiber,

R. H. Ford, H. U. Wallace,

W. F. Graves, Committee.

To the American Railway Engineering Association:

Your Committee presents herewith its Annual Report for the year

1918.

The following outline of work was assigned to the Committee on

Electricity by the Board of Direction:

Subjects Assigned.

1. Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

2. Report on the study of electrolysis and insulation and its eflfects

upon reinforced concrete; report upon methods of insulating or guarding
against electrolysis.

3. Report on the stud}' of maintenance organization and on relation

to track structures.

4. Report on utihzation of water power for electrical railway opera-

tion in collaboration with Committee on Conservation of Natural Re-
sources.

5. Report recommended practice for eliminating, as far as prac-

ticable, the interference with telephone and telegraph lines caused by
the use of propulsion circuits.

6. Continue co-operation with National Joint Committee on Electro-

lysis and the National Joint Committee on Overhead and Underground
Line Construction.

COMMITTEE MEETINGS.

Three meetings were held in Room No. 5048, Grand Central Terminal,

New York City, as follows

:

First meeting was held on August 7, and the following were present

:

E. B. Katte, Chairman, C. S. Churchill,

H. M. Bassett, W. L. Morse,

Z. AL Briggs, L. S. Wells, representing Mr.

D. J. Brumley, J. R. Savage.

At this meeting Sub-Committees were appointed and the work for

the year outlined.
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The second meeting was held on November 20, and the following

were present

:

E. B. Katte, Chairman, W. S. Mnrray,

A. H. Armstrong, M. Schreiber,

C. S. Churchill, L. S. Wells, representing Mr.

W. L. Morse, J. R. Savage.

At this meeting preliminary reports of Sub-Committees were read,

revised, and the work of rounding out the reports detailed.

The third meeting was held on December 30, and the following were

present:
j

E. B. Katte, Chairman, W. L. Morse,

A. H. Armstrong, M. Schreiber,

Z. M. Briggs, L. S. Wells, representing Mr.

R. H. Ford, J. R. Savage.

At this meeting the reports of the Sub-Committees were received

and the report to the Association compiled as follows

:

(ITEM 1) REVISION OF MANUAL.

Sub-Committee No. 1.

R. H. Ford, Chairman

;

W. F. Graves,

A. H. Armstrong, G. W. Kittredge,

C. S. Churchill, C. E. Lindsay.

R. D. Coombs,

The Committee last year submitted to the Association a list of tech-

nical definitions and the Association tentatively adopted and published

them in the Proceedings with the understanding that the membership
would have an opportunity to consider and offer suggestions to the Com-
mittee. The following list of definitions has been revised and is now
submitted for adoption and printing in the Manual. These definitions,

so far as possible, conform with those in use by the U. S. Bureau of

Standards and printed in the National Electrical Code and those of the

American Institute of Electrical Engineers. It will be noted that the

definitions are arranged in alphabetical order rather than in logical se-

quence. This has been done with the view of conforming to common
usage in the Manual. Words in parentheses after each definition indicate

new definitions by tlic word "proposed" or the source of existing

definitions.

Electrical Definitions.

Bond.—A metallic means for connecting conductors to permit passage of

electric current. (Proposed.)

Bonder.—An employee assigned to install or maintain bonds and their

appurtenances. (Proposed.)

Bracket Support.—An arm supporting the trolley wire or catenary. (Pro-

posed.)
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Bridge Support.—A rigid overhead structure supporting the trolley wire

or catenary. (Proposed.)

C.^BLE Conductor.—Wires bound together acting as a conductor. (Pro-

posed.)

Catenary Suspension.—Any form of trolley construction supported by

a longitudinal wire or cable. (Proposed.)

Clearance Line (Equipment).—The line beyond which no part of the

equipment shall project. (Proposed.)

Clearance Line (Third Rail).—The line beyond which no part of the

third rail structure shall project. (A. R. E. A. Manual.)

Conductor.—A metallic path for the flow of electricity. (Proposed.)

Contact Conductor.—That part of the distribution system other than the

traffic rails which is in immediate electrical contact with the circuits

of the cars or locomotives. (A. L E. E. 706.)

Contact Rail.—A rigid contact conductor. (A. L E. E. 767.)

Contact Rail ( Overhead ).^A rigid contact conductor above the eleva-

tion of the maximum equipment line. (A. L E. E. 768.)

Cross-Span Support.—Overhead wire or cable supporting the trolley wire

or cantenary. (Proposed.)

Direct Suspension.—Any form of overhead trolley construction in which

the trolley wires are attached by insulating devices directly to the

main supporting system. (A. L E. E. 780.)

Distributing System.—That portion of the conductor system which car-

ries current of the kind and voltage received by the cars or loco-

motives. (Proposed.)

Duct Line.—A structure consisting of one or more tubes and chambers

for the housing of wires or cables. (Proposed.)

Jumper.—A cable used to connect the ends of two contact conductors.

(A. R. E. a., Vol. 18, page 145.)

Patrolmen.—Employees assigned to inspect track and third rail struc-

tures, cables and wires. (Proposed.)

Pulling Chamber.—A chamber in a duct line provided for pulling cables

and wires into ducts. (Proposed.)

Splicing Chamber.—A chamber in a duct line, in which cables are spliced

and inspected. (A. R. E. A., Vol. 18, page 144.)

Substation.—A structure and its contained group of apparatus or ma-

chinery which receives current from a transmission system, changes

its kind or voltage and delivers it to a distribution system. (A. I.

E. E. 762.)

I'liiKD Rail.—A contact conductor placed at either side of the track, the

contact surface of which is located a few inches above the level of

the top of the track rails. (.\. L E. E. 769.)

Third Rail Gage.—Distance measured parallel to plane of top of both

running rails between gage of nearest running rail and inside gage

line of third rail. (A. R. E. A. Manual.)
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Traction Linf.men.— Employees assigned to install or maintain wires and

cables and their appurtenances for all railroad voltages. (A. R. E. A.

Manual.)

Lineman (New).—Employees assigned to install or maintain wires and

cables and their appurtenances. (Proposed.)

Transmission System.—That portion of the conductor system carrying

current of a kind or voltage different from that received by the cars

or locomotives. (Proposed.)

Transmission Line.—A system of towers or poles and cables or wires

carrying current from the source of power to the substations.

(Proposed.) '

Trolley Wire.—A flexible contact conductor customarily supported above

the cars. (A. I. E. E. 777.)

CLEARANCES—THIRD RAIL AND OVERHEAD.
Sub-Committee No. 2.

H. M. Bassett, Chairman; H. K. Lowry,

Z. M. Briggs, A. G. Shaver.

W. F. Graves,

This Sub-Committee makes no report this year, but has kept its

organization intact with a view of revising and bringing up to date the

statistical tables contained in the report of last year, and will present

them to the Association in March, 1920.

TRANSMISSION LINES AND CROSSINGS.

Sub-Committee No. 3.

R. D. Coombs, Chairman; Frank Rhea,

H. M. Bassett, Vice-Chairman; J. R. Savage,

D. J. Brumley, A. G. Shaver.

H. K. Lowry,

This Sub-Committee has kept itself advised in relation to the trans-

mission line crossing requirements of the proposed National Electrical

Safety Code and is prepared to confer with the representatives of the

American Railroad Association and American Electric Railway Engineer-

ing Association with a view of revising the joint transmission line cross-

ing specifications, as soon as the representatives of the other associations

are appointed.

(ITEM 2) ELECTROLYSIS AND INSULATION.

Sub-Committee No. 4.

E. B. Katte, Chairman; C. S. Churchill,

D. J. Brumley, W. S. Murray,

R. D. Coombs, M. Schreiber.

H. M. Church,

This Sub-Committee has no report to offer on Electrolysis and there

has been no meeting of the American Committee on Electrolysis during
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the past year. The Sub-Committee has kept in touch with the subject

of electrolysis in reinforced concrete in salt water, but nothing new has

developed which can be reported at this time.

(ITEM 3) MAINTENANCE ORGANIZATION AND RELATION

TO TRACK STRUCTURES.

Sub-Committee No. 5.

Walt Dennis, Chairman; C. E. Lindsay,

Z. M. Briggs, Vice-Chairman; W. L. Morse,

H. M. Church, '

J. R. Savage.

R. H. Ford,

This Sub-Committee has kept in touch with current developments, but

defers reporting until next year.

(ITEM 4) WATER POWER.
Sub-Committee No. 6.

C. S. Churchill, Chairman ; R. H. Ford,

Z. M. Briggs, Vice-Chairman

;

W. S. Murray,

A. H. Armstrong, Frank Rhea,

H. M. Church, M. Schreiber.

D. J. Brumley,

This Sub-Committee has to some extent investigated the utilization of

Water Power for electric railway operation and has collected some data

to indicate to what extent water power is now used to generate elec-

tricity for the operation of steam railroads. In the table below are shown

the principal steam roads which have been partially electrified, the source

of power, and the approximate annual current consumption. In the case

of those roads using current generated by steam, the reason why water

power was not used is given so far as obtainable.

Electrified Steam Railroads—1917.

Kind of KWH1917
Service, KoZl^ Reasons for not

1917, Miles Passgr. ^"^'"^
Usin? Water

Electric Trolley and Power for
^^'^^^^er

Track Voltage Freight From ^^^"
,,

Line _lraci^
-
" '

r.h —^ TviX 64 290,840 None available.

PeT^R. R., N. Y.... 97 6 DC P Coal
^^fg^s o70 None availab e.

L. I. R. R.. N. Y..,. 208 650 DC P
.. 23,100.360 None avaiabe.

P. R. R., Philadelphia. 95 HOOO AC r
,, 32.823,600 None available.

W. J. & Seashore.... ISO 650 UC r „ 3,913,300 None available.

Grand Trunk Ry. . . . • 12 ,"00 AC P^i<
.. 56,651,700 Coal cheaper.

Nor. & Western Ry.. 90 HOO" AC r
,, 102,585,000 None available.

New York Central.... 253 650 DC ^ ., 90,500,000 Some water pr.

N Y., N. H. & H. R. R. 530 1100° ^>; p «< 7,431,000 None available.

M. C. R. R.. Detroit.. 25 6=0^^ p|p Both 7,727.000
Hoosac Tunnel 21 HOOOAL r|r

6,200.230

B. & O., Baltimore. . 8 650 DC i^|^
.. 124,600,000

C. M. & St. P. R. R. 600 3000 DC P&i-
.. 23.40S.270

B. A. & Pacific. ... . 90 2400DC ^
.. i,S94.860

Erie (Roch. Div.) . . . . 38 11000 AC ^ .. 4,080.000

Great Northern 6600 AC i-sr
30,082.000

Southern Pacific 114 l^UU I'c
.

—77 677.000.000
Total 2341
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General.—The development of any water power for a certain kilo-

wattage should require that the combination of stream flow and reservoir

capacity is capable of developing the same kilowattage throughout the

year.

In the Middle Atlantic and New England States, within a reasonable

distance—not to exceed 200 miles of any railroad having a dense traffic

and excluding Niagara Falls—the streams where an appreciable head

is available are erratic as to stream flow. A small amount of power can

be developed economically, but to develop an amount reasonably to be

expected from a central station requires either a reservoir or an auxiliary

steam station. Tl^e result of this is usuall}^ a plant in which the capitaliza-

tion is so excessive that, in spite of the low operating cost, electrical

energy cannot be produced at a price to compete with that generated in

an all-steam station of like capacity, and economy.

Pennsylvania Railroad.—Of all the streams in the territory, the

Susquehanna River is most favorable for water power development along

the Pennsylvania Railroad, not only because the horsepower available

for development is the highest, but because the river basin has the

greatest drainage area and is the least settled, and places can be found

for the power development site where the necessary land and rights can

probably be obtained more cheaply than on any other river.

Examination of the records of the United States Geological Survey

for the period from January 1, 1891, to December 31, 1908, shows that for

the neighborhood of McCalls Ferry power plant, the minimum stream

flow for the years 1901 and 1903 could have developed in one plant

28,000 K.W. In 1905 it could have developed approximately 40,000 K.W.

;

and in all other years only a little better than 10,000 K.W. This minimum
stream flow occurred consistently in September and October. The maxi-

mum stream flow each year, during this period, could have developed in

one plant an average of approximately 90,000 K.W. over any reasonable

period.

At the McCalls Ferry plant it was proposed in 1916 to install 100,000

H.P. or 74,600 K.W. at an estimated cost, including transmission lines, of

$12,600,000, or approximately $169 per K.W. of maximum utility. As
the average utility, with reasonable pondage development, and without

an auxiliary steam station would be much below the 74,600 K.W., the

capital investment per K.W. useful throughout the year would have

greatly exceeded $169. As the plant went into the hands of a receiver

for lack of funds when only 60 per cent, of the project was completed,

it is reasonable to assume that the company found the cost of the develop-

ment of tlie property considerably in excess of the amomit that they had

estimated.

Norfolk & Wkstkrn Railway.—Water power was available from the

Appalachian Power Company at a price of 0.83 cents per K.W.H. for

an estimated annual consumption of 66,000,000 K.W.H. It was estimated

that power could be produced in a steam station, with coal at $1.00 per
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ton, and a power house near the mine, at 0.52 cents, including fixed

charges. The engineers report as follows

:

"Our estimates for the cost of power generated in the railway com-
pany's plant have shown by actual experience to have been very con-

servative. In 1916, when cheap coal was still obtainable, we generated

power at 0.242 cents per K.W.H., or at 0.463 cents including fixed

charges; these figures were obtained, moreover, on a yearly output of

only 50.410,000 K.W.H. instead of 66,000,000. In 1918 (first three months),

with coal at $2.50 per ton, we generated power at 0.418 cents per K.W.H.

,

or including fixed charges at 0.596 cents. In this case our yearly output

is at the rate of about 90,000,000 K.W.H. It is important to note that

with the price of coal even doubled, our Bluestone plant is producing
power at a very much lower cost than w'e would have paid had we tied

ourselves up to a contract with the Appalachian Company."

It should be noted in this connection that the Appalachian Company

have during the year 1918 increased all their power rates 25 per cent.

The Norfolk & Western has a connection between its power transmission

lines and those of the Appalachian Power Company, but so far it has

aided the Power Company with current to greater extent than it has

received aid.

The B.^ltimore & Ohio Railroad at Baltimore secures its power

for operating 8 miles of its tracks under contract from the Consolidated

Gas & Electric Company. The consumption of current therefrom in 1917

amounted to 6,200,230 K.W. hours. The Power Company during that

year furnished this current from their Susquehanna River water powet

plant at 0.85 cents per K.W.H. In 1918 the Government required this

power, and that furnished the B. & O. was taken from the steam power

plant of the Consolidated Gas & Electric Company, located at Baltimore

(Westport), and owing to increased cost of fuel the cost of current fur-

nished in 1918 has been 1.2 cents per K.W.H.
The New York, New Haven & Hartford Railroad secures all its

current for electric operation from steam power plants. The Committee

is informed that in 1916 power from the Housatonic River, in the amount
of 50,000,000 K.W.H. per year, was oflfered to the railroad, to be delivered

at the contact wires at 0.68 cents per K.W.H., which figure is from 50

per cent, to 100 per cent, less than the corresponding amount of current

being secured from steam plants during 1918. The limitations upon this

current and of the value of the guarantee of the Power Company are

not given. Evidently there was a mutual value in emergency situations

secured by establishing a connection between the two transmission lines.

A former member of this Committee has contributed the following

data as to an investigation for a suggested railroad electrification, based

upon prices prevailing directly before the war

:

"General Proposition.—Power was required for 100 miles division of
a railroad which had better than the average density of passenger and
freight traffic in the eastern section of the country. The proposition was
to compare the cost of steam-generated electric versus hydro-electric
power. In the case of the steam power, it was assumed that the railroad
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company would build and operate the plant; for hydro-electric, that it

would purchase the power delivered at a central point on the road, the

power company building and maintaining a duplicate transmission line

about 60 miles long.

"Power Requirements.—It was assumed that the maximum load at

point of delivery would be 50,000 K.W. and that the load factor would
be guaranteed at 35 per cent, of the maximum demand, requiring a dense
traffic and care in regulating the train dispatching.

"First Cost.—The first cost of a steam power plant built by the rail-

road worked out at $3,300,000. This cost would produce a suitable, mod-
ern and economical turbo-generator plant having sufficient reserve ca-

pacity to carry the 50,000 K.W. at peak load and with spare plant for

emergencies. \

"In the case of the hydro-electric development there would be no
cost to the railroad company for the power plant ; but the fixed charges
on the cost of a suitable plant, plus profit, is reflected in the charge made
for power.

"Power Costs.— (a) Steam Plant. Good steam coal, having at least

13,000 B.T.U. value, would cost, delivered at the plant, $2.60 per gross

ton. Fixed charges were as follows

:

"Interest 5%, insurance 2%, depreciation 4%, total 11% on the cost

of the plant.

"On the above basis, the cost of power delivered in substations

worked out to be 0.683 cents per K.W. hour.

"(b) Hydro-electric power. The price named by the hydro-electric

company for power delivered at the railway company's substation was
0.675 cents per K.W. hour. This price was on the basis of a certain

guaranteed load factor and other conditions regarding growth of power
requirements, as is usual in purchased power agreements.

"On the basis of the estimated yearly consumption of power (172,000,-

000 K.W. hours) the two propositions worked out as follows:

For steam-generated power $1,174,000 per year
For hydro-electric power 1,161,500 per year

"Factors of the Problem.—Aside from the relative cost of these prop-
ositions, there are, of course, other factors to be considered, as follows

:

"1. Reliability.—In the case of the hydro-electric proposition, the

traction project is dependent upon continuity of service over a long trans-

mission line, whereas the steam-generating station would be located on
the line of the road. Assuming equal reliability of generation, the steam
power plant has advantage over the hydro-electric as regards reliability.

"2. Location.—As regards traction requirements. As the hydro-
electric proposition is tied up to an inflexible location of plant, any change
in the center of distribution would affect the length of the transmission
line, and therefore may affect unfavorably the future development of the

traction plan. In case of the steam power plant, this can be located with
reference to future extensions of the traction scheme.

"3. Output.—Hydro-electric plants have a well-defined maximum out-

put, depending upon the water supply ; moreover, to make such a develop-
ment pay, it is necessary to provide for the immediate sale of the entire

peak output. This fact often prevents the Railroad Company from call-

ing for more power as business increases.

"4. The flow of all streams is affected by great seasonal variations

in volume. This means that the actual power that can be developed by
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the flow varies greatly by seasons of a year, and again by years, some
being dry and others rainy. To provide against the consequence of this

variatio'n, the scheme of empounding water can be adopted to a limited

extent. Therefore it is customary to empound as much water as possible,

and supply any deficiency in power during the dry season from an auxil-

iary steam power plant. When this steam j)ower is drawn on, the cost of
producing power will be increased."

The Committee calls attention to the following facts and statements

of record

:

Direct Saving of Fuel by Electric Operation.—^A concrete example

of fuel saving by the substitution of electric for steam operation where

comparable statistics are available is the electrification of the Chicago,

Milwaukee & St. Paul Railroad between Avery, Idaho, and Harlowton,

Montana, a distance of 440 miles and comprising an electrification of 600

miles of track. During 1917, 124,000,000 K.W.H. (equivalent to approxi-

mately 3,900,000,000 ton miles) were generated by water power for the

operation of trains. Based upon actual records taken prior to electrifica-

tion, 220,000 tons of coal and 453,000 barrels of oil (equivalent to a total

of 350,(X)0 tons of coal) were burned under locomotives for an equivalent

steam service. In 1917 there were 2365 miles of steam railroad under

electric operation in the United States and it has been reported to the

Committee that during the year there were 675,000,000 K.W.H. generated

for the operation of trains over these electrified tracks. Applying the

figures obtained from steam and electric operation of the Chicago, Mil-

waukee & St. Paul Railroad to all of the roads electrified, would result

in a saving of 1,890,000 tons of coal per annum, had it been possible to

produce all of this electrical energy by water power.

A concrete example of fuel saving, where coal is used to generate

electric power, is furnished by the Norfolk & Western electrification of

about 90 miles of track between Bluefield and Vivian. During the year

1917 there was generated 56,652,000 K.W.H. for the operation of trains,

using 87,160 tons of coal at the power house. Based upon records of

coal consumption on steam locomotives on the Norfolk & Western, 147,600

tons of coal would be required for an equivalent steam service. Applying

a similar saving to the 2365 miles of electrified steam railroads would
show a saving of 720,000 tons of coal per annum if all electric energy had
been generated by steam power plants.

Amount of Water Power AvAiLABLE.^The total developed water
power of the United States is reported by the Secretary of Agriculture

in 1916 as 6,500,000 H.P. The undeveloped water power is reported in

Senate Document 316, dated 1916, as 53,900,000 H.P., of which 39,200,000

H.P. is within the limits of the Rocky Mountains and Pacific Coast

States.

Calvert Townley in a statement to a committee of the United

States Chamber of Commerce, January 14, 1918, made in behalf of the

Engineering Council (see Proc. A. S. C. E. and Sci. Amer. Suppl., April

21, 1918), calls attention to the fact that the federal government still
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retains as proprietor more than two-thirds of the total area of the 13

Western States in which the bulk of the undeveloped water power is

located. If any parts of the public lands are needed for reservoirs, dams,

transmission lines, etc., a permit of the Secretary of the Interior is re-

quired, which is revocable at any time, without cause. Other water

powers are on navigable streams, and require an Act of Congress for

their development. A revision of these laws is under consideration.

Outside of the western water power states and the territory tributary to

Niagara, water power generally should be developed with auxiliary steam

power.

H. S. Putnam presented a paper on Economical Combination of

Water Power and Steam Plants at the American Institute of Electrical

Engineers, June 28, 1917. The conclusions reached were that practically

all water power plants should be developed beyond the minimum power

available, and hence in combination with a steam plant. The economic

limit depends on the value of money, fuel and labor, the increasing size

and efficiency of steam turbines, and location of the enterprise.

C. P. Steinmetz, in an article on America's Energy Supply in

Proc. Amer. Inst. Electrical Engineers, June, 1918, says that the economical

utilization of the country's energy supply requires generating electric

power wherever hydraulic or fuel energy is available and collecting the

power electrically, jilst as we distribute it electrically.

Conclusions of the Committee on Water Power.

(1) It is important to reduce the use of coal where possible by the

development of water power.

(2) Water power will show the greatest economy in the West on

account of the higher cost of coal and minimum cost of water power

development, but may show economy in other districts at present or future

coal prices.

(3) In general, auxiliary steam plants should be built, to develop the

water power beyond its minimum capacity, and to secure reliability of

service.

(4) Laws should be modified to permit the development of water

power on public lands and on navigable streams, under reasonable re-

strictions.

(5) In their studies and investigations of this subject the Committee

have been impressed with the failure of some of the carriers to so keep

their records as to permit the proper segregation of data which is neces-

sary to calculate the tons of coal consumed in steam locomotives sep-

arated from coal consumed for other purposes on sections or divisions

where electricity has been substituted for steam.
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(ITExM 5) ELECTRICAL INTERFERENCE.

Sub-Committee No. 7.

A. H. Armstrong, Chairman; W. S. Murray,

Z. M. Briggs, J. R. Savage,

R. H. Ford, M. Schreiber,

H. K. Lowry, A. G. Shaver.

This Sub-Committee was charged to report "recommended practice

for eliminating, so far as practicable, interference with telephone and

telegraph lines caused by the use of propulsion circuits." Owing to the

fact that other engineering associations and several manufacturing com-

panies have the matter of electrical interference under vcrj- careful con-

sideration, it is thought best to limit the report at this time to a brief

statement of some of the factors involved in electrical interference, as

general information for this Association.

The interference with adjacent telephone and telegraph lines by rail-

way propulsion and signal currents may be divided into two broad classes

as follows:

(1) Interference by Direct Currents.—The oscillograph has shown

that direct currents, produced by commutating machines, are made up

of a series of minute waves or ripples, which under certain conditions

on long parallel lines of higher voltages may produce a high frequency

disturbance in neighboring telephone circuits of sufficient magnitude to

constitute an interference. It is know-n that these "ripples" may be

minimized by machine design and it is suggested that manufacturers

of commutating machines should exercise care in this direction and

agree upon some standard test for the higher voltage machines, which

must be passed in order to be accepted for railway service. It is also

suggested that the telephone and telegraph companies define some maxi-

mum degree of noise interference expressed in terms which will permit

accurate duplication in test under different conditions.

It is admitted that such interference with telephone lines caused by

direct railway currents from commutating machines already in service

can be practically eliminated at a small expense by the installation of

resonant shunts in the power house or sub-station.

Direct currents carried over railway circuits having rail and grounded

return may in some cases interfere with the operation of single wire

telegraph and signal circuits using grounded return. Such troubles may
be minimized by adequate bonding of the rail circuit and periodic inspec-

tion to eliminate faulty bonds.

(2) Interference by Alternating Currents.-—The interference by

alternating railwaj- propulsion and signal currents with adjacent tele-

phone and telegraph circuits is more serious than from direct current

and the correction thereof is more difficult.



204
^

Electricity.

The Committee is of the opinion that practice w this matter is not yet

sufficiently standardized to justify a report to the Association at this

time. Reference is made to the very instructive paper by H. S.

Warren, read before the Franklin Institute in Philadelphia.

Proposed National Electrical Safety Code.

In accordance with the action of the Association at its meeting held

in March, 1918, under date of August 13, a copy of last year's report con-

taining the Committee's criticisms of the National Electrical Safety Code

was sent to Dr. E. B. Rosa, Chief Physicist, Bureau of Standards, Depart-

ment of Commerce, Washington, D. C, and advising him that should

he desire a conference with the representatives of this Committee, that

delegates would be sent at his convenience. The Director of the Bureau

of Standards under date of August 14th wrote : "We do not feel that

it is necessary for your Committee to send delegates to the Bureau at the

present time, but we shall be glad to send to the members of your Com-
mittee copies of the tentative revised draft of part 2 for your considera-

tion and criticism and to yourself revised drafts of all other parts of

the Code. We should be glad to have individual criticisms of this draft

and also any additional suggestions which they might care to make. After

considering the revised draft if your Committee feels that a personal

conference would be desirable, or if we find that such a discussion seems

desirable on our part, we shall be glad to arrange for a conference with

the delegates of your Committee." The revision of part 2 has not yet

been issued. A tentative draft of part 3 of the Code has been received

and comments thereon were submitted to the Bureau of Standards under

date of October 22, 1918. Representatives of the Committee, at the invita-

tion of the Director of the Bureau of Standards, attended a conference

in Washington on January 16, 1919, and a proposed revision of part 2

was discussed at some length, but no action had been taken on the previous

suggestions made by the Committee. Dr. Rosa informed the delegates that

copies of the revised part 2 would shortly be issued and criticisms in-

vited. Further effort on the part of your Committee must, therefore, be

deferred. The following are the delegates representing the Association

in this matter : E. B. Katte, H. M. Bassctt, R. D. Coombs, J. R. Savage.

(ITEM 6) AMERICAN COMMITTEE ON ELECTROLYSIS.

No meeting of the American Committee on- Electrolysis has been

held since the beginning of the war, and there are no indications of a

meeting being held in the near future. The following have been desig-

nated to represent the Association on this Committee : E. B. Katte, D. J.

Brumlev, C. S. Churchill.
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(ITEM 6 CON.) NATIONAL JOINT COMMITTEE ON OVERHEAD
AND UNDERGROUND LINE CONSTRUCTION.

There has been no meeting of this committee since July 16, 1915, and

the work has virtually been absorbed by the United States Bureau of

Standards, as reflected in the wire crossing requirements of the National

Safety Code. Representation may, therefore, be dropped from the sub-

jects assigned to this Committee.

RECOMMENDATIONS.
The Committee on Electricity recommend the following for your

action

:

(1) The adoption and publication in the Proceedings and in the

Manual of the electrical definitions listed in the report of Sub-Committee

No. 1, and continue the examination of the subject-matter in the Manual

pertaining to Electricity.

(2) Continue collecting statistical data relative to Clearances of

Third Rail and Overhead Working Conductors, and submit revised tables

at the next annual meeting.

(3) Continue the subject of the revision of joint specifications for

transmission line crossings over railroad companies' right-of-way and

send delegates to co-operate with committees of the American Railroad

Association and of the American Electric Railway Engineering Associa-

tion and the L^nited States Bureau of Standards.

(4) Continue the subject of Electrolysis and Insulation and send

delegates to co-operate with the .\merican Committee on Electrolysis in

the preparation of its future report.

(5) Continue the subject of Maintenance Organization and relation

to track structures.

(6) Accept as information and publish in the Proceedings the report

of Sub-Committee No. 6 on Water Power. In this connection the Com-
mittee desires to call attention to the fact that it has found but little data

bearing on the cost of steam railroad operation applicable to divisions

where electric operation has been established, and urge upon engineers

and accounting officials the desirability of so arranging the accounts as

to accurately show the cost of steam operation and that such accounts

be available before attempting to compute the cost of electric operation.

(7) Accept as information and publish in the Proceedings the report

of Sub-Committee No. 7, on Electrical Interference, and continue the sub-

ject.

(8) Accept as information and publish in the Proceedings the Com-

mittee's report on the National Electrical Safety Code, and continue co-

operation with the United States Bureau of Standards in the preparation

of Safety Codes.

(9) The acceptance and publication in the Proceedings of the report

as a whole.

Respectfully submitted for the Committee,

Edwin B. Katte.

Chairman.





REPORT OF COMMITTEE VI—ON BUILDINGS.
M. A. Long, Chairman; G. H. Gilbert, Vicc-Chairman;

G. W. Andrews, E. A. Harrison,

D. R. Collin, A. Larsen,

W. H. Cook man, J. W. Orrock,

C. G. Delo, S. B. Phillips,

W. T. DoRRANCE, R. V. Reamer,

K. B. Duncan, C. W. Richey,

C. H. Fake, John Schofield,

A. T. Hawk, Z. H. Sikes,

F. F. Harrington, W. J. Watson,
Committee.

To the American Railway Engineering Association:

Your Committee on Buildings submits herewith its report to the

Twentieth Annual Convention.

The following subjects were assigned the Committee by the Board

of Direction

:

1. Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes, with especial refer-

ence to appropriate definitions.

2. Report on coaling stations.

3. Report on freight-house and passenger station scales.

4. Report on ash pits.

5. Report on a classification of buildings on the basis of "Specifica-

tion Types," and upon the use of the "cubic foot," "square foot" and
"bill of particulars" methods for ascertaining the approximate cost of

new construction.

6. Report on detail designs of buildings used for housing track labor,

conferring with Committee on Economics of Railway Labor.

7. Report on the efficient and economical methods of electric light-

ing of (a) Passenger station interiors.

(b) Passenger station surroundings.

(c) Platforms covered and uncovered.

8. Report on modern types of toilet facilities at small stations where
water supply and sewers are lacking.

Your Committee recommends the following action be taken on its

report

:

\. That the matter under "Revision of Maiuial" be approved.

2. That the conclusions under the heading of "Design and merits

of high and low platforms at passenger stations" be approved and pub-

lished in the Manual.

3. That the conclusions under the heading "ITmljrella versus Butterfly

sheds" be approved and published in tlie Manual.

RECOMMENDATIONS FOR FUTURF WORK.
Your Committee recommends that the same subjects be reassigned

for the coming year.

Respectfully submitted.

Committee on Buildixos.
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REVISION OF MANUAL.

Definition of Terms Published in the IVlanual and Supple-

ments Thereto.

Station.—An established location for the accommodation of passenger

and freight traffic. (Manual 1915, page 187.)

Transfer Platform (Freight).—A platform approximately level with

freight car Ifloors used in transferring freight from car to car. (Man-

ual 1915, page 207.)

Shop Buildings.—Various structures for the construction and repair of

locomotives, cars and other railway equipment. (Manual 1915, page

188.)

Engine House.—A structure for housing and the general maintenance of

engines in service. (Manual 1915, page 188.)

Turntable.—A revolving structure for turning locomotives or cars.

(Manual 1915, page 188.)

Transfer Table.—A traveling structure with a track on which a loco-

motive or car can be run and transferred from one parallel track to

another. (Manual 1915, page 188.)

Coaling Station.—An established location for the storing and delivering

of coal to locomotives. (Manual 1915, page 192.)

Oil House.—A building for the storage and distribution of oil and waste.

(Manual 1915, page 194.)

Section Tool House.—A building for housing of section cars, tools and

small track material. (Manual 1915, page 195.)

Power House.—A building for housing apparatus for supplying" light,

heat and power for various purposes. (Manual 1915, page 189.)

Rest House.—A building for the accommodation of employees, usually

containing rest and recreation rooms, sleeping quarters, lunch room,

lockers, baths, etc. (Manual 1915, page 208.)

Butterfly Shed.—A type of structure erected over platforms for pro-

tection from the weather with a central line of supports and roof

sloped towards center for drainage. (Manual 1915, page 208.)

Umbrella Shed.—A type of structure erected over platforms for pro-

tection from the weather with a central line of supports and roof

sloped to the sides for drainage.

Ash Pits.—A structure into which cinders arc deposited from loco-

motives, for subsequent removal. (Supplement to Manual 1917. page

35.)

Inbound Freight House.—A building for the handling of freight for

delivery to consignee. (Manual 1915, page 201.)

Outbound Freight House.—A building for the receiving of freight liy

the railroad for shipment. (Manual 1915, page 201.)

208



B u i 1 d i n ii s 209

Following Additions to the Manual.

COALIXG SxATIOXig.

Where coal is stored in summer for use in locomotive stations in

winter and where the amount stored is less than 75,000 tons, no special

mechanical device is recommended, it being more economical to store it

by unloading cars by hand or crane and reclaiming it b\- the use of tools

that can be put to other use when not handling coal, such as locomotive

crane, ditcher or steam shovel.

The question of storing coal is covered in the Proceedings of the

Internationa] Fuel Association of 1917.

Ash Pits.

We wish to add an additional cut and description as follows

.

A scheme for conveying and disposing of cinders through pipe by.

vacuum created by steam. In order to handle them by this method cinders

must not be wet dow^n.

—ft 1 1^

.5& C-T- I ON

g4^1U-te:±z^^
3tE/\M AOH tJtCTOR 5Y5TEM

Dto3, 1^18

Scales.

At terminal stations where scales can be given proper attention and
where the volume of business will justify, dial scales are preferred for

weighing mail, baggage and express.
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REPORT ON DESIGN AND MERITS OF HIGH AND LOW PLAT-

FORMS AT PASSENGER STATIONS.

While very few railroads in this country have adotped platforms level

with the car floors, they have always been the standard in use in Great

Britain.

One of the chief recommendations for raised platforms is the saving

of time required for passengers boarding and leaving cars over that re-

quired for walking up and down steps at low platforms.

As the interchange of equipment is extensive, clearance must be pro-

vided for the vlidest equipment on the roads involved.

As passenger equipment is narrower than freight equipment, this

arrangement leaves a void or space between the car and platform that

might cause accidents to passengers who carelessly enter and leave trains.

Some railroads are equipping their passenger cars with an extension flap

to the trap door to bridge this opening; the operation of it is practically

automatic. When the trap door is down the opening of the vestibule

door causes the sliding portion to extend beyond the side of the car.

Closing the door returns it to its normal position.

When it is necessary to raise the trap at stations not equipped with

high platforms it is not desirable for the trap to be extended. To provide

for this feature a handle is set flush in the end of the car body by means

of which a connection between the door and the trap may be disengaged.

It is designed with a uniform extension to take care of a gap at platforms

built on curves as sharp as 6 degrees.

There are platforms in use in subways that have mechanical ex-

tensions moving out until they are practically touching the side of the

car, so that there is practically no space between the side of the car and

the platform.

Platforms are built either of wood, concrete or steel, or a combina-

tion of these materials. At important points, where traffic is heavy, they

should be roofed over.

Where high platforms are used it is necessary to use a special d.esign

of baggage truck. One road having in use a great many high platforms

is considering the construction of trucks on small wheels on which the

baggage will be stored until the arrival of the train, the truck will then

be pushed into the baggage car and left there with its load to be assorted

while the train is traveling from one station to another. The baggage

to be taken off at the next station will be loaded on this or a similar

truck, so that an entire load can be taken out of the car as soon as the

train stops. In this scheme the time consumed for handling baggage,

express and mail at stations will be reduced considerablj'.

Low platforms are more universally used and consist of cinder fill,

with or without wood or concrete curbs, brick with concrete curb, con-

crete with concrete curb, and concrete with a wearing surface of asphalt

mastic.
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In comparing high platforms with low platforms, the advantages in

favor of the high platforms are as follows

:

1st—Facility, rapidity and safety with which trains may be loaded or

unloaded.

2nd—The prevention of the public crossing the tracks.

3rd—Where platforms are below the street level, a saving of about

3 feet in the vertical height to be traveled by passengers.

4th—Passenger, baggage, express and mail can be handled more

rapidly, which means a reduction in the time of station stops.

5th—They afford convenient space for the housing of ducts, cables,

signal equipment and sometimes elevator machinery.

6th—Where passenger traffic is heavy raised platforms permit tlie use

of additional doors.

They have certain disadvantages

:

1st—The cost of changing passenger equipment to serve both high

and low platforms, and the cost of constructing subways or

bridges for passengers, express and baggage.

2nd—Where freight trains must use the tracks adjacent to high plat-

forms the restricted clearances may prevent the operation of cer-

tain cars and cause heavy expense for transfer of freight.

3rd—The necessity for special form of baggage truck having a low

floor.

4th—It is impractical to place a switch within the limits of the plat-

form, due to lack of clearance for equipment.

By canvass of various roads it is found that low platforms vary from

5 ft. to 5 ft. 6 in. from the center of track to the face of platform curb,

and level with the top of rail to 6 in. above it.

It is recommended that low platforms be built to 5 ft. 6 in. from

center of track to face of curb and to be 4 in. above top of rail at curb.

Fig. 1 shows the high platform referred to in this report and

also shows an Umbrella Shed and Butterfly Shed with respect to the

clearance diagram of this Association and shows the clearances in use

on various railroads at this time. (English maximum.)

Recommendations for the Manual.

On account of the existence of high platforms at important terminal

stations and the desirability of interchange of passenger equipment

throughout the country, the Committee suggests that the Association

recommend to the M. C. B. Association that all passenger equipment in

the future be so constructed that they can be used at either high or low

platfomls.

It is recommended that high platforms be provided only in connec-

tion with tracks devoted exclusively to passenger business.
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REPORT ON COMPARISON OF "UMBRELLA" VERSUS "BUT-

TERFLY" SHEDS AT THROUGH STATIONS.

There is no choice between the Umbrella shed and the Butterfly

shed, so far as protection from the elements is concerned, the edge of

the gutter being in the same relative position on both types. Neither

one successfully accomplishes what they are designed for, as the edge of

the roof must be kept outside of the clearance diagram, and this places

the protective feature so far from the coaches that the benefit to pas-

sengers is limited.

Where no waiting room is provided in connection with Umbrella

sheds, it is recommended that partitions be built between supporting

columns ; these partitions to be located at every third bay where traffic

is heavy, and every fifth bay where traffic is light.

With the Umbrella shed type, two gutters and two leaders from the

gutters to the central post are necessary. With the Butterfly type no gut-

ters are required. This eliminates the first cost for gutters and means

lower maintenance cost on account of the lack of same.

Some railroads use circular supporting columns for butterfly type,

making use of this column for the regular down-spout. On account of

the prevalence of cinders the drains at the bottom of the columns are

likely to be stopped up, and in cold weather the columns wiH freeze and

burst.

In either type of shed it is recommended that at or below the plat-

form level of the down spouts a trap with clean-out be installed.

It is considered preferable to place the down-spouts outside the sup-

porting column.

At Umbrella sheds in some parts of the country snow collects in such

quantity that it becomes necessary to shovel it off. Consideration should

be given roofing sheds in such localities, with a roof having a hard sur-

face, as a composition roof is easily ruined by laborers digging into it

with picks and shovels removing snow and ice.

The cut shown in connection with report on "Merits of High and

Low Platforms at Through Stations," also shows in outline Umbrella

and Butterfly sheds.

A canvass of the representative roads shows that the cost of Umbrella

and Butterfly sheds is very similar, an average pre-war cost being $L10

per sq. ft, exclusive of the paving and curb.

The average height from curb to eaves is 16 ft. The average spacing

center to center of supports is 30 ft.

The above average price covers the cost of various typc^ of sheds,

including the following:

(1) Steel supporting structure covered with wo.-id sheathing and

composition roofing.
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(2) Frame supporting structure covered with wood sheathing and

composition roofing.

(3) Pre-cast concrete columns and roof slab covered with composi-

tion roofing.

Conclusions.

In that part of the country where heavy snow occurs Umbrella type

of shed is preferable, though somewhat more expensive in first cost.

In that part of the country where heavy snows are not a factor, the

Butterfly type of shed is preferable.







Raised Passenger Platforms, Butterfly Sheds and Relative

Clearances.
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PROGRESS REPORT OF SPECIAL COMMITTEE ON
STRESSES IN TRACK.

A. N. Talbot, Chairman;

A. S. Baldwin,

G. H. Bremner,

John Brunner,

W. J. Burton,

Chas. S. Churchill,

W. C. Gushing,

Dr. p. H. Dudley,

H. E. Hale,

RoBT. W. Hunt,

J. B. Jenkins,

W. M. Dawley, Vice-Chairman;
George W. Kittredge,

P. M. LaBach,

C. G. E. Larsson,

G. J. Ray,

Albert Reichmann,
H. R. Safford,

Earl Stimson,

F. E. Turneaure,

J. E. Willoughby,

Committee.

To the American Railway Engineering Association:

The Special Committee on Stresses in Track, co-operating with a

similar committee of the American Society of Civil Engineers, presents

the following report of progress

:

The conditions incident to the war have greatly interfered with the

progress of the work of the Committee. Early in the year the call to

government service took away the last of the technical assistants who had

become trained in this very special work. Some temporary assistance was

used during the summer and fall, and it is hoped now that a small tech-

nical staff may be again developed. As the work is very special it is not

easy to get the right help even in peace times.

During the year the data of the tests to find the effect of counter-

weight of locomotive drivers made late in 1917 on the track of the St.

Louis-San Francisco Railway have been worked upon with \ery interest-

ing results. Tests were also made on the track of the Illinois Central

Railroad to find the effect of counterbalance of the Mikado locomotive.

Other tests were made on the Illinois Central Railroad and the Chicago,

Milwaukee & St. Paul Railroad to determine the distribution of pressure

immediately under the tie and also the stresses in the tie, and considerable

work has been done in reducing the data.

The Committee plans to study the results of the. experimental data

now available and to take up the preparation of a report upon the part

of the subject so covered. It is believed, too, that sufficient information

has now been accumulated to begin the discussion of the relation of the

results to the principles governing the design of railroad track. It is

expected also that the test work will be continued during the coming

year.
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As the Progress Report of the Committee last year reached the mem-

bership only shortly before the annual convention, there was little oppor-

tunity for its discussion at the convention. After considering the repoh,

members of the Association may now desire to present discussions upon

it. The Committee will welcome questions, comments and discussions.

Anj suggestions as to further work in connection with the field of the

Committee will be gladly received.

Respectfully submitted,

The Special Committee on Stresses ik Track.



REPORT OP COMMITTEE XX—ON UNIFORM GENERAL
CONTRACT FORMS.

E. H. Lee, Clwinnau; C. A. Wilson, Vice-Chnirman;

C. Frank Allen, J. C. Irwin,

O. P. Chamberlain, R. G. Kexly,

A. O. Cunningham, A. S. Kent,

Thos. Earle, H. A. Palmer,

W. D. Faucette, C. J. Parker,

G. E. GiFFORD, Committee.

To the American Railivay Engineering Association:

Your Committee on Uniform General Contract Forms begs to sub-

mit the following report

:

The Committee, as its work for the year 1918, received the following

instructions :

(1) Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes.

(2) Report on Form of Agreement for Railway Crossings.

(3) Report on Form of Agreement, embodying rules governing the

construction of under-crossings of railways with electrical conductors,
conduits, pipe lines and drains, conferring with Committee on Roadway
and Committee on Electricity.

(4) Report on Form of Lease Agreement for Industrial Site.

(1) REVISION OF SUBJECT-MATTER IN THE MANUAL.

The Committee has no recommendation as to changes in the subject-

matter now in the Manual under the heading "Uniform General Contract

Forms."

(2) REPORT ON FORM OF AGREEMENT FOR RAILWAY
CROSSING.

Your Committee considered this form of agreement at several meet-

ings. The Form of Agreement for Railway Grade Crossings herewith

submitted is the result of action taken at these various meetings. No
attempt has been made to specify a basis upon which the expense for

construction, maintenance and operation shall be divided. In this respect

the submitted Form of Agreement conforms with the Form of Agreement

for Interlocking Plant, submitted bj' this Committee and approved by

the Association at the last annual meeting. Similarly while articles cov-

ering liability and arbitration are incorporated in the submitted form in

order to complete the same, it is recognized that these two articles will

doubtless be modified in many cases to meet local conditions and the views

of various legal departments of railroads.

Conditions differ widely in different portions of the country. In the

older portions it is to be presumed that relatively few railway grade cross-
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ings will be coostructed, without the immediate installation of interlock-

ing protection, whereas in many newer portions of the country railway

grade crossings are still being constructed without such protection.

It will be noted that seniority as between companies has been given

no specific recognition in the submitted form. The Committee has as-

sumed that seniority will be given due weight in concluding the bargain

which will be made in each case. The Committee further assumes that

in general the senior company will prefer to retain the actual work of

constructing, maintaining and operating the grade crossing in its own
hands. ,

(3) REPORT ON FORM OF AGREEMENT EMBODYING RULES
GOVERNING THE CONSTRUCTION OF UNDERCROSSINGS

OF RAILWAYS WITH ELECTRICAL CONDUCTORS,
CONDUITS, PIPE LINES AND DRAINS;

and

(4) REPORT ON FORM OF LEASE AGREEMENT FOR INDUS-

TRIAL SITE.

Your Committee wishes to report progress on these forms and to

recommend that these subjects be reassigned for future consideration.

Respectfully submitted,

Committee on Uniform General Contract Forms.
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AGREEMENT FOR GRADE CROSSING.

. THIS AGREEMENT, made this day of ,

in the year by and between ,

party of the first part, hereinafter called
,

and
,
party of the second

part, hereinafter called

(Note.—During Federal control terminology should conform to re-

quirements of Federal Administration.)

Historical.

Whereas,

(Note.—Include brief description of conditions, including the location

of existing or proposed grade crossing, an enumeration of all existing

agreements, if any, the name of the companies between which agreements

are made, their dates, their purpose, et cetera.)

Whereas, desires the right to con-

struct, maintain, use and operate a grade crossing across the tracks and

right-of-way of to permit the passage

of its trains over and across the right-of-way and tracks of

and is willing to

grant said right ; the location of said crossing and its proposed arrange-

ment being shown upon a blueprint marked "Exhibit A," dated. . . .•

, identified by tiie signature of the

of

and of of

hereto attached and hereby made a part of this agreement; and

Whereas, The parties hereto have agreed upon the terms and con-

ditions upon which said crossing as .shown upon said "Exh.iblt A" shall

be constructed, maintained and operated.

Now, Therefore, In consideration of the premises and in further con-

sideration of the mutual covenants and agreements hereinafter stipulated

to be kept and performed, it is mutually agreed between the parties hereto,

for the purpose of defining the terms and conditions upon which said

crossing shall be constructed, maintained, renewed and operated, as fol-

lows :

Definition.

1. The term crossing as herein contained shall include rail, crossing

frogs, track fa.stenings, crossing timbers, and other track appliances, in-

cluded between the outer joints of one or more crossings installed or

hereafter installed ; together with ballast, drainage, side ditches, sub-
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drainage, and other substructure appliances, devices or supports on the

right-of-way of Company in so far

as affected by sai(^ crossing ; all necessary buildings, including flagmen's

houses, shanties or towers
;
gates, semaphores and other safety devices or

appliances ; all as may be required to keep said crossing in safe and suit-

able condition for the operation of trains, as required by

Company or by lawfully constituted public

authority.

Grant.

2 ^ hereby grants to

subject to the conditions and stipulations of this agreement, the right to

construct, maintain, renew and operate at grade , track

of the Railroad,' over and across

the right-of-way and tracks of

at the point of crossing, as shown on "Exhibit A."

Construction.

3. The Company agrees to con-

struct a grade crossing as shown upon said "Exhibit A" and according to

detail plans and specifications, which have been approved by the

Engineer of the

and identified by signature.

The said . . Company

agrees to begin the construction of said crossing within

days after the execution of this agreement and to carry the same forward

continuously to prompt completion.

Apportionment of Cost.

4. The cost of constructing, maintaining, renewing and operating

said crossing shall be borne by the respective parties hereto as follows:

In the cost of maintaining and renewing said crossing shall be in-

cluded the expense for taxes, assessments, and insurance ; any losses by

fire, floods and other damage caused by the elements ; also any change

made necessary by an act or ordinance of a lawfully constituted public

authority, except as herein otherwise provided.

Extensions and Changes.

S. (a) The Company reserves the

right to construct, maintain, renew and operate upon its right-of-way

from time to time such other additional track or tracks as it may deem

necessary or desirable crossing the track or tracks of the

Company, the right to construct which is herein

granted, and all the provisions and stipulations herein contained shall apply

to such other additional track or tracks.
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(b) The Company reserves the

right to change the grade of its track or tracks as shown on said "Ex-

hibit A" not to exceed feet, and the grade of the crossing

shall be changed to conform thereto. The expense of so changing shall

be borne as follows

:

(c) Either company shall have the right at its own expense to make

minor changes in ahnement at said crossing, provided that this shall not

materially interfere with the tracks of the other party, but nothing herein

contained shall be interpreted to cover major changes in grade or aline-

ment, such as separation of grade or elevation of tracks required or

brought about by laws or ordinances of properly constituted public au-

thorities.

(d) Improvements or devices which may be necessary m order to

conform to the standard practice of the Company

shall be provided as required by that Company, and the expense shall be

borne in accordance with the provisions of Section No. 4 hereof.

(e) The privileges hereinbefore granted are granted upon the further

express condition that whenever anything may be done or may be re-

quired to be done by the Chief Engineer of

Company, or under and in pursuance of any of the laws of the State of

or of any lawful action of proper

public authorities in respect to the said crossing, including the installation

of gates, signals or interlocking, the '

Company shall make all changes at said crossing and in present or future

tracks of both companies and their appliances, necessary to comply with

or carry out the requirements of the Chief Engineer of the

Company or of law, or action of such authori-

ties, and the cost thereof shall be apportioned in accordance with Article 4

hereof.

(f) It is further understood and agreed that the

Company will pay the cost of any connecting or

transfer track or tracks that may, at any time, be required at or near

the point of the crossing aforesaid, whether such track or tracks be or-

dered by competent authority, or put in by agreement between the parties

hereto. If the junction switches of the said connecting track or tracks

in the main track or tracks of either of the parties hereto shall be or

come to be within the limits of an existing interlocking plant, said junction

switches shall be taken into the protection of said interlocking plant and

the cost shall be borne as follows

:
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Maintenance and Renewal.

6. The crossing shall be maintained by the

Company. In case Company shall

remove its tracks or any of them at said crossing, the track or tracks

of the Company shall be

restored by the Company to their original

condition, to the satisfaction of -the Chief Engineer of the

Company, and at the sole cost and expense of the

Company.

Control.
I

7. The maintenance, renewal, operation and protection of said cross-

ing shall be under the sole charge and control of the

Company, and it shall employ competent persons to

maintain, renew and protect the same, and such parties from time to time

so employed shall be removed for good and sufficient reason upon request

in writing of a general managing officer of the

Company. ^

Each of the parties hereto, through its authorized employes and repre-

sentatives, shall have the right at all times to inspect said crossing, as

well as the accounts covering the construction, maintenance, renewal and

operation of the same ; and in the event that the

Company shall notify the Company in

writing of renewals and repairs that may be necessary for the safe and

proper operation of said crossing, and if the

Company neglects for a period of thirty days to make said necessary re-

newals and repairs, then the Company
shall have the right to make such renewals and repairs, and the

Company shall, upon presentation of

proper bills, and within the time provided in Section 11 hereof, pay its

proportion of the amount so expended.

Protection.

8. During construction and thereafter, flagmen or signalmen shall

be furnished for the proper protection of said crossing, and such persons

from time to time so employed shall be removed for good and sufficient

reasons, upon request in writing of a general managing officer of the

Company. The expense for their wages,

together with the cost of materials and supplies required in connection

with their work, shall be apportioned as herein in Article 4 provided.

Until interlocking protection shall have been provided, all trains shall

approach said crossing under full control, and shall come to a full stop

within feet from said crossing, and shall not proceed until the

receipt of a proper signal so to do.

Precedence.

9. In the use of said crossing, passenger, mail and express trains

shall have precedence over freight or work trains and light engines, and
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freight or work trains shall have precedence over light engines. The

trains and engines of the Company shall have

precedence over the trains and engines of like class of the

Company.

Ownership,

10. Each of the respective parties hereto shall participate in the

ownership of the crossing in the proportion which the payments made

by it for construction of same bear to the total cost of construction.

Payment of Bills.

11. The payment of all bills under this agreement shall be made
not later than the twentj'-fifth day of the month following the month in

which said bills are rendered. The bills for expense of construction shall

be made as a final bill, unless otherwise mutually agreed and understood.

Bills covering maintenance, renewals and operation, taxes and assess-

ments shall show total expenditures, and proportions chargeable to each

of the respective parties hereto, and shall be rendered monthly; those

covering insurance, taxes and assessments annually.

Should any dispute arise as to the correctness of any of the items

included in bills rendered, under this agreement, the party against which

any such bill is rendered, shall pay as herein provided, an amount equal

to the sum of all items in said bill, the correctness of which is unques-

tioned. The remainder, covering disputed items, shall be paid promptly

as herein provided, upon an adjustment of the dispute.

Added Percentages.

12. In making bills for the cost and expense of constructing, renew-

ing, maintaining, operating and protecting said crossing, all labor and

material shall be charged for at actual cost, plus per cent.

added to material, and per cent, to labor to cover freight

charges or accruals, handling, superintendence, use of tools and accounting,

except that work done by contract shall have no percentages added.

Such of said bills as are based upon payroll cost of labor and stock

prices of material shall include a fair arbitrary charge to cover super-

vision, inspection, handling, transportation, accounting and similar undis-

tributed items of expense. Such fair arbitrary charge shall be agreed

to b}^ the parties, or determined bj- arbitration as hereinafter provided.

The provision as to actual cost herein contained shall not be con-

sidered or held as a warrant for charging excessive prices or freight

rates on material, for hauling the same unreasonable distances, nor for

the payment of unreasonable arbitrary charges of any kind.

Liability.

13. Each party hereto assumes for itself the responsibility and risk

of using and operating its own trains and engines over the space covered
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by the said crossing, and also responsibility for the negligent acts and

omissions or the alleged negligent acts or omissions of its own officers,

agents, servants and employes engaged in connection therewith; and in

performance of any of its separate duties under this contract; and will

pay to the other party and to third persons all damages which may arise

and for which it may be liable arising from such negligence and in such

operation.

The party having special charge of the management and operation

of said crossing shall not be liable to the other party for the negligent

acts or the omissions, or the alleged negligent acts or omissions of any

person employed Sn the operation, maintenance or repair of said crossing,

but all persons so employed shall, as respects any injury caused by such

negligence, be regarded and treated as the agents or servants of each

party hereto, and each of said parties hereby assumes the responsibility

for all damages resulting from the negligence of such agents or servants

in the operation of its own engines, cars and trains, and those of its

tenants, lessees and licensees, at the said crossing, and shall indemnify and

save each of the other parties harmles therefrom. Any expense caused

or growing out of the injury of any workman or employe engaged upon

the construction of said crossing shall be held and considered to be a

construction expense, and shall be divided as herein in Section 4 provided.

Arbitration.

14. In case of any difiFerences or dispute arising under this agree-

ment or concerning the subject-matter thereof, the parties hereto agree

to submit such difference or dispute to three arbitrators, one of whom shall

be appointed by the Company, and another by the

Company, and each party shall give to

the other party written notice of appointment of its arbitrator, together

with his name and address. The two arbitrators so chosen shall select

a third arbitrator. If either party shall fail to choose an arbitrator as

herein provided, the arbitrator selected by the other party hereto, at the

expiration of days after the date of its said written notice, shall

select a second arbitrator, and the two arbitrators so chosen shall select

a third arbitrator. If within days after the appointment of

a second arbitrator, as herein provided, the two so chosen shall have

failed to select a third arbitrator, either party hereto may apply to any

judge of the District Court of the United States for the District which

shall then include

or who shall thereupon appoint tlie third arbitrator. The three arbitrators

so chosen in any manner as herein provided, or a majority of them, shall

hear and decide said difference or dispute, and their decision, or that of

a majority of them, shall be final and binding on the parties hereto.

The expense of an arbitration imder the terms hereof shall be borne

by the parties hereto in the proportions fixed by the arbitrators.
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Cancellation of Conflicting Agreements.

15. It is mutually understood and agreed that any and all agree-

ments relative to said crossing, existing between the parties hereto or

their predecessors, so far as they conflict, or are inconsistent with the

terms and provisions of this agreement, are hereby annulled, but in all

other respects they shall continue in full force and effect.

Duration and Succession.

16. This agreement shall remain in full force and efifect as long as

the tracks of the respective parties cross at grade at the location shown

upon "Exhibit A."

The provisions of this agreement shall be binding upon and inure

to the benefit of the parties hereto, their successors, lessees and assigns.

In Witness Whereof, the parties have caused these presents to be

executed in duplicate by their respective officers as of the day and year

first above written.

Attest :

Company
Secretary. By

(Title)

Attest :

Company
Secretary. By

(Title)



REPORT OF COMMITTEE III—ON TIES.

F. R. LaynGj Chairman; H. S. Wilgus, Vice-Chairman;
W. C. Baisinger, E. L. Crugar,

M. S. Blaiklock, L. a. Downs,
F. T. Beckett, G. F. Hand,

F. BoARDMAN, E. D. Jackson,

W. J. Burton, A. J. Neafie,

W. A. Clark, G. P. Palmer,

S. B. Clement, Louis Yager,

1 Committee.

To the American Railway Engineering Association:

The following subjects were assigned your Committee by the Board

of Direction

:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes.

2. Continue the study of effect of design of tie plates and spikes on
the durability of cross-ties.

3. Report on methods in use by various railways for controlling tie

renewals.

4. Recommend proper dimensions for cross-ties.

5. Report results of investigation of Forms M. W. 301, 302, 303 and
304, Statistics of Cross-Ties, to see if they are in general use on mem-
bership lines.

6. Report on trials of substitute ties.

(1) REVISION OF MANUAL.

The Committee recommends that forms M. W. 301, 302, 303 and 304

be .withdrawn from the Manual. The report of Sub-Committee (5)

shows that these forms are not being used.

(2) EFFECT OF THE DESIGN OF TIE PLATES AND TRACK
SPIKES ON THE DURABILITY OF CROSS-TIES.

In 1914, twenty-seven out of twenty-nine railroads who gave an

opinion agreed on the statement "screw spikes prolong the life of ties over

that obtained with cut spikes." Three years later a committee for the

Pennsylvania Railroad finished an investigation on this subject, which it

had conducted for nine years, and agreed upon the follov/ing statement

:

"Screw spikes have no advantage over nail spikes. When used with clips

without tie plates, the cutting of the rail into the tie permits the rail to

slip under the clip, thus widening the gage."

As a result of these diverging opinions, your Committee has tried to

find the present general opinion among railroads on this subject, in the

hope that they could summarize the practice and distinguish the condi-

tions under which either form of track connection was the better as re-

gards the durability of the ties.
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For this purpose, the following list of questions was sent to 75 rail-

roads. From these, 58 have replied, and of these 58, 52 stated either that

they had never used any screw spikes, or else that their trials had been

so limited that no conclusions could be formed. Of the other 6 replies,

2 railroads believed that screw spikes permitted a longer life of tie than

cut spikes. Three railroads reported that screw spikes did not permit

longer life of tie than cut spikes. One electric elevated and subway road

reports that screw spikes do prolong the life of ties. Two railroads be-

lieved there was no reason for using screw spikes unless the ties were

bored and treated before the screw spikes were applied. Six railroads

considered this unnecessary. Eight railroads believed that a screw spike

should not be used as an anchor, and that it should be kept free from

the slots in the angle. Five railroads considered that it should be used

as an anchor and put in the slots in the angle. One railroad used "some

device to put in the spike hole to make the screw spike secure again

after it had become loose, or after the chamber around it had decayed.

Eleven railroads used no such device.

One elevated electric road reported on the elevated structures and

subways as follows

:

"On the elevated structure and in the subways screw spikes can be

installed or taken out as quickl}' as cut spikes. This is due undoubtedly

to the limited space in which to work and the fact that screw spikes are

installed or removed by means of pneumatic tools. Without question for

this type of service, or any service requiring frequent renewal of rail,

screw spikes will prolong the life of the ties and will result in better

track."

Another railroad advised : "For ordinary maintenance no power

tools are needed, but are of advantage for first installation ; can be main-

tained b}- ordinary track labor."

With these replies have come some plans of details which, in the

opinion of the roads using them, were important to observe before a fair

trial of screw spike connection from the rail to the tie could be made.

As a result of these diverging opinions, it is the opinion of the Com-
mittee—

(1) That there is not sufficient data available, due to lack of gen-

eral use, to show^ that the use of screw spikes will increase the durability

of ties, except under special conditions.

(2) That there may be specific forms of track construction where
screw spikes prolong the life of ties such as on elevated structures, and

so-called permanent track where there is a more substantial foundation

provided than on ordinary tie and ballast track.

It is suggested that this subject, requiring detailed inspection and
report on those installations of screw spikes which have been successful,

be assigned as a Committee subject for next year.

The following questions were asked as noted above

:

1. Is it your experience that a screw spike permits longer life of the
tie than a cut spike?
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2. Kindly describe the conditions of design and application under which
results are favorable to the screw spike, also conditions under
which results are unfavorable and the cut spike permits longer
life of tie, including

—

(a) General size and dimensions of screw spike and plate.

(b) Amount of clear space left between the rail and the bottom
of the screw spike, and what, if any, device is used to main-
tain this distance.

(c) If treated ties are used, should the boring for the screw spikes

be done before or after treatment?

(d) Standard of track necessary, including kind of ties (kind of

wood, treated or untreated), condition of ballast, character

of )subgra(Je (whether solid or liable to settle) and general

drainage conditions.

In the answer to this question it is hoped there will be specified the

standard of maintenance of track necessary to permit a favorable use of

screw spikes compared with the cut spikes, if such has been obtained.

3. Has it been your experience that the screw spike becomes loosened
before removal of tie is made necessary by other causes?

If so, after what period, and what means should be taken to make
the fastening secure.

4. Have you found a satisfactory lining to insert in the spike hole to

make the screw spike secure again after it has become loose? If

so, please describe the device and method of application.

5. After the wood has become loose or decayed around the screw spike,

have you developed any satisfactory plug to insert in the tie and
thus secure a firmer hold? If so, please describe the plug and
method of application. Under these conditions do you replace the

screw spike with a cut spike?

6. Should a screw spike be used as an anchor, or should it be kept free

from the slots in the angle plates?

7. Can a screw spike be used to advantage to hold frogs, switches and
turnout derails, and if so, what change in standards for cut spike

is required to permit this use of screw spikes?

8. What is the effect on maintenance of the screw spikes as compared
with the cut spikes in gaging of track, shimming, surfacing and
lining, in its effect on the ties?

9. What effect does the use of screw spikes have on the life of ties

when derailments, wrecks or broken rails occur ?

10. What is your practice as regards spiking in replacing rail with new
rail having different width of base?

11. Does the screw spike have any advantage over the cut spike in pro-
longing the life of the tie unless the tie is bored and treated before
the screw spike is applied?

12. Are any particular forms of power tools in use in the field necessary
to permit economical installation and maintenance of screw spikes

in their effect on the ties? If so, please indicate what they are.

13. Can a screw spike be installed and maintained with advantage to the

tie with our ordinary track laborers, or does it require a carpenter
or semi-skilled mechanic in order to do justice to the work?
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(3) REPORT OX METHODS IX USE BY VARIOUS RAILWAYS
FOR CONTROLLING TIE RENEWALS.

Our stud}' of the replies to inquiries in last year's investigation of

methods for controlling tie renewals indicates a wide divergence ot

methods under apparent similarity of organization and physical condi-

tions.

This suggests the possibilitj' of developing a uniform method of

determining the essentials necessary to control tie renewals, namely

:

(1) Preliminary physical inspection of ties in track—based on a pre-

determined renewal standard.

(2) Field checks of the preliminary inspection in whole or in part.

(3) Utilization of statistics as a further check on tie renewals and

the determination of final allotment.

(4) Checking results obtained.

The tabulations of replies received from one hundred railroads with

an aggregate mileage of 223,000 would indicate that there are three gen-

eral methods for determining the number of ties to be renewed.

(a) Field inspection by section foremen, supervisor or roadmaster.

(b) Inspection by tie inspector.

(c) Determination by statistics.

Evidence should be obtained to disclose which method is best suited

to local conditions and type of organization to insure following prede-

termined standards of renewal and avoid divided responsibility for safe

maintenance.

Information at hand does not indicate the best methods of obtaining

effective field checks to secure economy and safety.

The question arises as to the relative importance of statistics as com-

pared to field inspection as a further check on tie renewals.

The best methods of final allotment of tie supply should be further

developed.

It is evident that an inspection of ties removed from track affords

the best means of checking extravagance and placing the responsibility

for same. This leads to the determination of the best method for making
an independent check and devising means for determining and avoiding

inadequate renewals.

(4) RECOMMEND PROPER DIMENSIONS FOR CROSS-TIES.

The Committee has no information to present on this subject this

year.

(5) USE OF FORMS M. W. 301, 302, 303, 304.

See Proceedings Volume 1^, page 369.

(6) REPORT ON TRIALS OF SUBSTITUTE TIES.

The usual report is attached.



230 Ties.

CONCLUSIONS.

(1) Your Committee recommends that forms Nos. M. W. 301, 302,

303, 304 be withdrawn from the Manual.

(2) That the report on the design of tie-plates and track spikes on

the durability of cross-ties be received as information.

(3) That the report as to methods in use by various railroads for

controlling tie renewals be received as information.

(4) That the report on substitute ties be received as information.

Respectfully submitted,

N The Committee on Ties.
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TRIALS OF SUBSTITUTE TIES.

Atchison, Topeka & Santa Fe Railroad—Eastern Lines.

Universal ; Baird ; Carnegie.

(W. A. Guild, Acting Engineer, E. D.
;
January 14, 1919.)

Universal Ties.—These are located in the Chicago Yard between

milepost 1 and 2 and in front of the depot at Florence, Kansas. Those

at Chicago were placed in the eastbound main in March, 1911, and are

83 in number. They are still in the track and have not been disturbed

since they were placed, with the exception of changing the insulation,

which was done about two years ago. Considerable corrosion has taken

place, but not to the extent of rendering the tie unserviceable. Those at

Florence are still in fair condition. And in relaying the 85-lb. A.S.C.E.

rail with 90-lb. Santa Fe rail last year, we found a number of the wooden
blocks in these ties decayed and replaced all of them. We found the

bolts holding these blocks in good condition and practically all of them

were re-used, as was some of the insulation.

Baird Ties.—Report of Baird ties, shown on page 387 of Volume

19, will remain the same for this year, as there has been no change in

these ties during the past year and on account of there being only three

of them, it is not possible to judge their ability to keep track in line,

although there would probably be some trouble experienced in keeping

the track in line were all of the ties of this make.

Carnegie Ties.—The Carnegie steel ties in service at Chanute, Kansas,

and Newton, Kansas, are in fair condition and have been giving very

good service. The only trouble that has been experienced with this tie

has been with the rail clip and bolt which holds it in place. Both of

these are thought to be too light, as is also the top flange of the I-beam,

and it is thought that if 1-inch bolts were used in place of 5^-inch bolts,

together with nutlocks, that the clips would not have to be renewed as

often as under present conditions and there would be less danger of the

track spreading.

Baltimore & Ohio Railroad—Eastern Lines.

Metal Tie Corporation Tie; Hardman Tie.

(E. Stimson, General Superintendent Maintenance of Way and Structures;

January 10, 1919.)

The metal ties located at Martinsburg, West Virginia, are still in

service, about half of the wooden blocks having been renewed in the past

six months.

The Hardman ties located at -Baltimore, Maryland, have only been in

service since May, 1917, and were alternated with wooden ties.

From recent inspection the indication would be that these ties will

have to be removed from track within the next year.
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Bessemer & Lake Erie Railroad Company.

Carnegie.

(H. T. Porter, Chief Engineer; December 4, 1918.)

Due to war conditions, we have not received any steel ties since 1915,

and it is probable that we will not receive any in the near future.

Nothing of special interest has developed since our last report to the

Committee and we, therefore, have no further informatiori to furnish

at this time.

Buffalo, Rochester & Pittsburgh Raihvay Company.

\ Carnegie.

(E. F. Robinson, Chief Engineer; November 29, 1918.)

The 1500 Carnegie steel ties were removed from our main track at

Colden, N. Y., last month, account being unfit for further service. We
still have a few of these ties in our main tracks at several water stations

where locomotive ash pans are cleaned.

Chicago & Alton Railroad.

Railway Tie Corporation Steel Simplex.

(H. T. Douglas Jr., Chief Engineer; December 4, 1918.)

We still have the Railway Tie Corporation steel ties in our track

and they are giving excellent satisfaction.

A few months ago we removed all the Simplex ties from our track

because the fastenings were beginning to badly need attention.

Chicago, Burlington & Quincy Railroad.

Universal.

(W. L. Breckinridge, Chief Engineer; January 15, 1919.)

The Universal steel ties which we had in track for experiment were

all removed April 30, 1917.

Cleveland, Cincinnati, Chicago & St. Louis Railroad.

Carnegie.

(C. A. Paquette, Chief Engineer; December 2, 1918.)

During the past year another one of the Carnegie steel ties failed in

the track. The failure was in every respect similar to the one reported

in 1917.

Delaware & Hudson Company.

Carnegie.

(James MacMartin, Chief Engineer; November 29, 1918.)

We are not making any tests of ties on this railroad at the present

time.

Diiluth & Iron Range Railroad.

Carnegie.

(W. A. Clark, Chief Engineer; December 2, 1918.)

We have nothing to report in connection with our installation of

Carnegie steel ties.



Ties. 233

Duliith, Missahe & Northern Railroad.

Carnegie.

(W. A. Clark, Chief Engineer; December 2, 1918.)

The installation of Carnegie steel ties is giving satisfactory service

and there have been no developments during the last year to report.

Elgin, Joliet & Eastern Railroad.

Bates ; Carnegie.

(A. Montzheimer, Chief Engineer; November 29, 1918.)

The only substitute ties we have on the Elgin, Joliet & Eastern Rail-

road are the 62 Bates concrete ties at Whiting, Indiana, and the Carnegie

steel switch and cross-ties, which we have at various points on the Elgin,

Joliet & Eastern Railroad.

Our last report gave the exact number of steel cross-ties in tracks and

the number of sets of steel switch ties in tracks.

We have no other substitute ties and the above-mentioned ties are still

performing good service.

Florida East Coast Railroad.

Percival Concrete.

(E. Ben Carter, Chief Engineer; November 30, 1918.)

Regarding the Percival concrete tie which we have installed in our

road at St. Augustine

:

1. The type of the tie or sleeper used is a concrete body with a gum-
wood cushion between the concrete and the rail, 16 ties being used under

one 30-foot rail.

2. The ties have been installed since March, 1906.

3. They are in one continuous section.

4. Not yet determined as to whether we will use more concrete ties

or not. Heretofore the cost has been too great for general adoption.

5. No signs yet of cracking, and no signs of disintegration.

6. The road where the ties are laid is in our main line, subject to the

heaviest and mo,-t continuous passenger ?,nd goods traffic we have, the

weight of the rail being A.S.C.E. section 70 lbs. to the yard.

7. No difficulty in maintaining the surface, or, rather there would
not be any if the bottom of the ties were flat instead of "V" shaped. It

is presumed that the object of making them "V" shape was to avoid cost

of material and its added weight. I object to the "V" shaped bottom.

However, I was advised by Mr. Percival in March, 1914, that the "im-

proved Percival tie" would overcome that difficulty, as it was to be made
flat at the ends with a "V" shaped center only 22 inches long. I have
not seen any of the improved t\'pe.

8. The resiliency is as good as it would be with any other tie. The
shock between the rail and the tie is taken up by the wooden cushion,

and I do not notice any apparent diflference between the concrete tie and
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the wood tie as to its elasticity on the roadbed. Because of the short

distance covered by our concrete ties it is impossible to detect them

when passing over them.

9. The type of fastener is a screw spike with a large head which

projects into the flange of the rail. This passes through the wooden
cushion and into a metal socket case in the tie at the time of its fabrica-

tion. The holding power seems to be excellent, and requires but little

attention.

Lake Champlain & Moriah Railroad.

)

Carnegie.

(M. Moore, Superintendent; December 2, 1918.)

The Carnegie steel ties are in track as originally placed and are still

giving us satisfactory service.

Lake Erie & Western Railroad.

BUHRER.

(J. K. Conner, Chief Engineer; December 5, 1918.)

In regard to Buhrer concrete ties which we have in our track at

Tipton: We still have seven of these ties in our track, but two of them

have failed and it will be necessary to renew them within a short time.

This leaves five of the ties in our track in good condition.

Lehigh Valley Railroad.

Metal on Concrete Base.

(G. L. Moore, Engineer Maintenance of Way; December 6, 1918.)

The ties reported on page 891 of Vol. 11 of the Proceedings of the

American Railway Engineering Association were metal ties installed on

concrete base beneath the depressed ash car track at ashpits.

These ashpits have since been converted into water pits and the

metal ties abandoned.

No other tests of substitute ties are being conducted on this road.

Long Island Railroad.

Carnegie.

(J. R. Savage, General Manager; December 13, 1918.)

We have about twenty-five Carnegie steel ties in our tracks at "HX"
Tower, Hicksville, which were put in tracks during the month of May,

1909, and no repairs of any description have been made since their in-

stallation, and recent investigation of them revealed the fact that all

fastenings are in good condition.

Midvale Steel and Ordnance Company—Nicetown Works.

Snyder.

(R. Furness, Assistant Superintendent; December 3, 1918.)

All of the Snyder steel ties have been removed from the Midvale

Steel and Ordnance Company's railway system at Nicetown.
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We found that the first cost was about four times that of a white

oak tie, and that the life of a steel tie at that time was indefinite, but

the life of an oak tie was at least five years ; in other words, we could

buy four oak ties for the price of one steel tie and the oak ties would

serve us over a period of twenty years. We subsequently found that

the steel ties would last only from eight to ten years. The installation

cost more than that of white oak ties. We would say, however, in favor

of white oak ties, that we have a combination broad and narrow-gage

system with many narrow gages running from this combination, and a

large number of discarded white oak ties can be used in narrow-gage

system, this making a big saving in ties that could not be made if we
were using steel ties.

New York Central Railroad—Lines East.

BUHRER.

(J. V. Neubert, Engineer of Track; December 9, 1918.)

The Carnegie (Buhrer) steel ties which were located at Castleton

were removed from main track in 1904 and 1905 and they have been

installed in sidetracks and we have not continued the experiment of same.

We have a few other steel ties, but they are not in main track and

are not under experiment.

New York Central Railroad—Lines West.

Buhrer.

(G. C. Cleveland, Chief Engineer, November 29, 1918.)

We have no metal, composite or concrete ties in service on our line

at this time.

Northern Pacific Railroad.

Carnegie; Universal.

(L. Yager, Engineer Maintenance of Way; December 9, 1918.),'

We have no additional installations of substitute ties since last report,

and our test has not developed anj^thing worthy of report. We still have

the few installations of Carnegie and Universal ties at coal docks and

water stations, as well as the concrete roadbed in the State of Washing-

ton.

Oakland, Antioch & Eastern Railway.

Goodlett Patent.

(R. L. Lowry, Superintendent of Roadway; December 17, 1918.)

1. Location of test—Pleasant Hill, 18 miles from Oakland.

2. Number of ties in test—150.

3. Date installed—April 18, 1917.

4. Description of ties—Reinforced block with twisted rods to hold.

5. Photographs of track attached hereto.

6. Statement of character of track, i. e., weight of rail, depth and

kind of ballast and spacing of ties—Rock ballast; 60 lbs.; 6 in. of rock

under tie ; 22 in. spacings.
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7. Character and kind of traffic—Electric, freight and passenger.

These ties were placed in the track, but through an unfortunate cir-

cumstance of a derailment on a car that was heavily loaded on one side,

running nearly two miles before stopping, the ties were torn up the entire

distance, the heavy side of the car striking the concrete and cracking and

breaking them so that we took them out. As to the tie, I believe it will

solve the problem for use on electric roads, as well as on steam. After

putting these ties in, we did not do anything to the track for nearly four

months, watching the action to see whether they would need to be tamped

up again, but, qn account of the derailment, this was stopped.

GooDLETT Ties—Oakland, Antioch & Eastern Railway.

Pennsylvania Railroad—Eastern Lines.

Standard Steel Ties ; Leonard Concrete Ties ; Snyder Composite Ties
;

Carnegie Steel Ties ; Carnegie Switch Ties ; Mechling &
Smith Steel Ties ; Shane Steel Ties.

(W. G. Coughlin, Engineer Maintenance of Way; December 30, 1918.)

Standard Steel Ties.—500 installed June, 1915, in eastward freight

track, Philadelphia Division, A. & S. Branch, east of Lenover, Pa. A
few of the wooden blocks have required renewal. Otherwise the ties

are in good condition.

Leonard Concrete Ties.—Six installed May, 1914, in eastward freight

track, Philadelphia Division, A. & S. Branch, at Atglen, Pa. Removed
September, 1918, on account of damage to rail fastenings by derailed
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equipment. One tie broken in service; the concrete in the other five was

in good condition when the ties were removed from track.

Snyder Composite Ties.—821 in westbound track at Derry, Pittsburgh

Division. In fair condition.

Carnegie Steel Ties.—3000 installed November, 1913, in eastward

freight track, Philadelphia Division, A. & S. Branch, east and west of

Atglen, Pa.; 1607 removed in November and December, 1917; 382 re-

moved in April, 1918, and 687 removed in July, 1918, all on account of

web splitting and rivets becoming loose. This completes the removal of

the 3000 ties. Their average life was 3 years 10 months.

GooDLETT Ties—Oakland, Antioch & Eastern Railway.

Carnegie Switch Ties.—Of the four sets No. 8 and one set No. 10

turnouts installed in Pitcairn Yard approximately 90 per cent, have been

removed on account of damage from derailments, with the exception of

the headblocks whose removal was due to the ties buckling under the

rail. The ties which were removed were badly corroded and their removal

from this cause would have been necessary in a short time.

Mechling & Smith Steel Ties.—80 remain in Wilkinsburg Yard,

Pittsburgh Division. They are in fair condition.

Shane Steel Ties.—100 installed February, 1916, 45 renewed Novem-
ber, 1916, 35 removed December, 1916, 65 remain in track in fair condition.
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Pennsylvania Railroad—Western Lines.

RiEGLER Concrete Steel Tie.

(W. C. Gushing, Chief Engineer Maintenance; January 3, 1919.)

RiEGLER Concrete Steel TiE.-^The only substitute tie that we now
have on the Pennsylvania Lines West o£ Pittsburgh is the Riegler con-

crete steel tie.

The fifteen ties which were placed in No. 1 Westward Passenger

Track, west of Emsworth, in May, 1908, were transferred to No. 3 East-

ward Freight Track in December, 1914, and are still in track.

A progress report was made of these ties on page 398, Volume 19,

of the Proceedings of the American Railway Engineering Association.

These ti'es were inspected December 19, 1918, and were found to be prac-

tically in the same condition as reported in that report and were still

giving good service.

Pittsburgh, Shawmut & Northern Railroad.

Carnegie.

(J. N. Thompson, Secretary to Receiver ; December 17, 1918.)

In regard to Carnegie I-beam steel ties, installed orf this Company's

Byrnedale Branch : Since the last report it has been necessary to remove

about one hundred of these ties account of the web crushing.-

We have made no other installation of substitute ties.

Pere Marquette Railroad.

"Alfred."

(H. A. Cassil, Engineer Maintenance of Way; January 16, 1919.)

The "Alfred" ties were originally applied to the track at Saginaw,

Michigan. At the present time we are able to locate seven of them.

Riverside, Rialto & Pacific Raihuay.
' '' Wolf.

(Arthur Maguire, Engineer Maintenance of Way, Los Angeles & Salt

Lake Railroad; January 6, 1919.)

Relative to concrete ties in use on the Riverside, Rialto & Pacific

Railway line, between Riverside and Crestmore, California : A recent

inspection of the ties showed them to be in good condition. Traffic on

,the line consists of ten electric motor cars each way daily. The cars

,

weigh about 65 tons. Also two movements each way daily of switch

engines, weighing about 150,000 lbs. on drivers.



REPORT OP COMMITTEE VII—ON WOODEN BRIDGES
AND TRESTLES.

W. H. HoYT, Clwirman; A. O. Ridgway, Vice-Chairman;

H. AusTiix, C. S. Heritage,

F. AURYANSEN, F. S. SCHVVINN,

A. D. Case, . C. S. Sheldon,

E. A. Frink, I. L. Simmons,

W. L. Darden, D. W. Smith,

E. A. Hadley, a. M. VanAuken,
G. A. Haggander, W. H. Vance,

F. F. Hanly, D. R. Young,

H. T. Hazen, Committee.

To the American Railway and Engineering Association:

The following subjects were assigned for consideration of your Com-
mittee during the past year

:

1. Make critical examination of the subject-matter in the Manual
and especially consider:

(a) Expanding table of allowable stresses on page 244 to include

treated timber.

2. Report on design of docks and wharves ; coal and ore wharves,
including various details, such as bulkheads, cribwork, dry docks, ferry
slips, and the necessary machinery, conveyors and fixtures for the eco-

nomical operation of property of this kind.

3. Report on classifications and grading rules for all lumber and
timber used in the Construction and Maintenance of Way Departments
of railways.

4. Report on specifications for construction timbers and building
lumber.

5. From studies 3 and 4, draw up in unified form a set of specifica-

tions for construction timbers and building lumber for use on railways,
showing each kind and quality of lumber or timber which is suitable for

each of the different classes of work on a railway.

6. Report on specifications for timber which is to be treated with
a preservative substance, co-operating with the Committee on Wood
Preservation.

Your Committee was divided into three sub-committees to consider

and report upon Subject No. 1, Subjects Nos. 3, 4 and 5, and Subject

No. 6.

A general meeting was held in the Association rooms in Chicago,

December 4, 1918, and was attended by the following: Messrs. Ridgway,

Haggander, Hadley, VanAuken and Hoyt.

At this meeting it was decided that the work for the past year would
be submitted as a progress report only.

239
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(1) REVISION OF MANUAL.

Sub-Committee No. 1—A. O. Ridgway, Chairman.

Make Critical Examination of the Subject-Matter in the Manual,
AND Especially Consider:

(a) Expanding table of allowable stresses on page 244 to include

treated timber.

Your Committee has no recommendations to make as to the subject-

matter in the Manual except in the way of intensive revision and re-writ-

ing of the entife chapter on Wooden Bridges and Trestles.

It is not thought expedient to advise such revision at this time or at

least until a new edition of the Manual is issued.

The especial consideration of expanding table of allowable stresses on

page 244 to include treated timber has been given extensive study during

the past year. An investigation of experiments for determining the com-

parative strength values of untreated and treated timber in large sticks

discloses the fact that there are extant only two published records of

such experimental tests. One of these is to be found in Bulletin Number
286 of the United States Department of Agriculture, and the other con-

sists of a monograph by H. B. MacFarland, Engineer of Tests for the

Atchison, Topeka & Santa Fe Railway System, beginning on page 281,

Volume 17, of the Proceedings of the Association.

The United States Department of Agriculture conducted tests in co-

operation with the Illinois Central Railroad to determine strength values

for bridge stringers manufactured from three kinds of wood and treated

commercially.

Without describing in detail these tests, it is perhaps advisable to call

attention to the following brief summary of the results

:

1

KIND OF
WOOD
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ELEMENT OF STRENGTH

Modulus of Rupture
Fiber Stress at Elastic Limit-
Longitudinal Shear at Failure

.

PER CENT DECREASE
BY TREATMENT

18.0
18.0
18.9

It is to be observed from the above that no definite conclusion is

warranted as to the decrease in elements of strength due to the treatment

of the three kinds of wood on which tests were conducted, and when an

attempt is made to prescribe values or safe unit stresses for treated

wood of other kinds appearing in the table on page 244 of the Manual,

all such efforts seem of the greatest futility.

Attention is called to the wide divergence of results secured from

the testing of Douglas Fir by the United States Department of Agricul-

ture and the Santa Fe Railway as shown above. While strength values

of the treated timber are found by the Department of Agriculture to be

from 33 to 36 per cent, lower than those values for the same sort of

sticks untreated, the Santa Fe Railway finds these same values to be in

the treated material only 18 or 19 per cent, less than for untreated

material.

It is clearly brought out in the published record of both these series

of tests that neither the character nor the quantity of the preservative

itself has any appreciable effect in reducing the strength values of timber

but that such decrease is due entirely to the process of treatment. More-

over, it appears evident that some kinds of wood are injured by the

process of treatment while others may not be appreciably affected thereby

as is evident from the Department of Agriculture tests on Longleaf

Pine, which wood shows little decrease in strength by treatment.

As a result of the study devoted to this subject by your Committee

a definite recommendation seems inadvisable at this time for expanding

Table of Allowable Stresses, on page 244 of the Manual, to include

permissible stresses for treated timber.

Until further experiments have been conducted in the way of com-

paring treated and untreated timber in large sticks, it is perhaps best for

each engineer to use his own judgment as to the lower values of allow-

able stresses which should be applied in the design of treated timber

trestles, keeping in mind that such values may be as much as one-third

lower than for untreated material.
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Tests of Structural Timbers, United States Department of Agricul-

ture, Bulletin No. 286.

1915.

Partially Air Dry Longleaf and Loblolly Pine and Green Douglas

Fir. Large sticks 8 in. by 16 in. by 28 ft. and 32 ft. Small pieces 2 in.

hy 2 in. by 30 in. cut from large sticks after failure.

N = Timber in natural condition. T = Treated with creosote. S =;

Steaming process. B = Boiling process.

Modulus of elasticity is given for thousands of pounds per square

inch. \
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Comparison of Tests on Creosoted and Untreated Large Sticks of

Douglas Fir.

Boiling Process of Treatment.

Moisture Untreated Specimens : U. S. 33.6 per cent., Santa Fe 39.4

per cent.

Treated Specimens: U. S. 28.5 per cent. Santa Fe 26.2 per cent.

AUTHORITY
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Decrease in Strength of Treated Douglas Fir.

Number of Tests : U. S. 108, Santa Fe 52.

FACTOR
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The plan of drawing a general specification would greatly condense

the printed matter in the Manual, bring it under one head and make it

of easy reference and ready use. The drafting of individual specifications

for each individual kind of material would require a large amount of

space and, if carried out in that way, should be placed under the work
of the different committees using such material. This would tend to make
the Manual bulky and the work scattered. Your Committee desires ad-

vice from the members of the Association as to the best plan to follow

in this matter, and will be glad to consider their recommendations in its

future work.

We submit herewith tentative general Specifications and Classification

and Grading Rules developed during the study of this work for the past

year. This work will give the members of the Association some idea of

what general specifications of this kind would cover. These specifications

have been drawn up after careful consideration and a thorough study of

the work now standing in the Manual; recommendations and reports of

committees as published in the Proceedings, especially the Special Com-
mittee on Classification and Grading Rules ; the specifications of the

American Society of Testing Materials ; the work of the United States

Forestry Board; reports of laboratory studies from various scientific in-

stitutions; a detailed study of the Standard Specification and Grading

Rules of all the lumber manufacturers' associations, and various other

sources.

It has been our attempt to draw up such general specifications that

they might be referred to as standard for material of this kind under all

circumstances. Special attention has been given to standard manufactur-

ing processes so that no decided changes will be necessarj' in the best

practices now followed by the manufacturers, yet satisfactory material

may be obtained by the railways at reasonable prices.

(6) Report on Specifications for Timber to Be Treated With a
Preservative, Co-operating With Committee on Wood

Preservation.

Sub-Committee No. 4— C. S. Heritage, Chairman.

Committee on above subject have been making a study of the Gen-

eral Specifications referred to by Sub-Committee No. 3, and expect to

make definite recommendations in regard to certain requirements applica-

ble to timber which is to be creosoted. Committee reports progress.

(Proposed Chapter on)

Timber and Lumber.

(Prepared by Committee VII

—

Wooden Bridges and Trestles.)

Structural Timber.

(Pages 221 and 222, Manual, as at present.)

Standard Names for Varieties of Structural Timber.

(As printed herewith.)
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Definitions of Defects Applicable to All Timber and Lumber.

(As printed herewith.)

Illustrations of Defects.

(Cuts of photographs with timber defects as Hsted herewith.)

(Follow recommendation of Committee on Revision of Manual, Ap-

pendix "A," page 586, Vol. 19, as follows:

"That all illustrations, tables and diagrams in the Manual be desig-

nated by the number of the page on which they appear instead of being

numbered consecutively, using sub-scripts when more than one revision

appears on a single page.")

Defects of Manufacture.

(As printed herewith.)

Standard Sizes.

(As printed herewith.)

General Instructions on Grading Timber and Lumber.

(As printed herewith.)

Definitions Relating to Select Structural Grade for Bridge and Trestle

Timbers.

(As printed herewith.)

Select Structural Grade for Bridge and Trestle Timber, Douglas Fir,

and Southern Yellow Pine Specifications.

(As printed herewith.)

(Also add explanatory note, Manual, page 233, and diagram, page 916,

Volume 16.)

(See Vol.. 17 of Proceedings, pages 408 to 411, Vol. 18, pages 823, 824

and 825, for materia! from which composite specifications for above were

drawn.)

Select Structural Grade for Bridge and Trestle Timber, Douglas Fir

and Southern Yellow Pine to Be Treated.

(These specifications to be drawn up by Sub-Committee No. 4.)

Commercial Grades for Timber and Lumber.

(As printed herewith.)

Specifications for Construction Oak Timber.

(See Manual, pages 631 to 643, also consult list of pages in Manual

affected by proposed revision, and printed herewith.)

Classification and Grading Rules for Cypress Lumber and Shingles.

(See Manual, pages 643 to 652, inclusive, leaving out definitions of

defects and grouping cuts according to accompanying list.)

Classification and Grading Rules for Hemlock Lumber.

(Use material in Volume 16, pages 907 to 914, inclusive, leaving out

general instructions and definitions of defects and figures. These specifi-

cations were recommended and accepted as standard. See Volume 17,

page 917.)
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Classification of the Uses of Timber and Lumber.

(As printed herewith.)

(This is a development of the work of sub-committee on grading of

lumber, see pages 826 and 827, Volume 18, Proceedings.)

Working Unit Stresses for Structural Timber, Expressed in Pounds

per Square Inch.

(See page 244, Manual.)

Note—Committee on Wooden Bridges and Trestles, page 585, \'o\.

19 of Proceedings, recommended as follows

:

"Revision of Manual." Revise the table of recommended stresses on

page 244 of the Manual and enlarge it to include stresses in treated tim-

ber."

Note—It would seem best at present to include page 244 in Manual

without change.

List of Pages in Manual Affected by Proposed Revision.

GRADING OF LUMBER.

Page 591—Covered by revisions.

Page 592—Fig. left out.

Page 593—Cut of large knot left out.

Definitions covered by revisions.

Cut of small spike knot used as shown on list of figures.

Page 594—Fig. Large Spike Knot used as shown on list of figures.

Fig. loose knot not used.

Page 595—Cut Pitch Knot used as shown on list of figures.

Cut rotten knot not used.

Page 596—Fig. Cluster of Knots and Fig. Closed Small Pitch Pocket used

as shown on list of figures.

Definitions covered by revisions.

Page 597—Fig. Solid Pitch and Fig. Large Open Pitch Pocket used as

shown on list of figures.

Definitions covered by revisions.

Page 598—Fig. Small Pitch Streak used as shown on list of figures.

Definitions covered by revision.

Pages 599, 600, 601, 602, 603, 604, 605, 606, 607 and 608—All covered ex-

cept grades for Tank Stock, Turned Porch, Columns, Fenc-

ing and Lath size.

Page 609—iFig. Pin Knot and Fig. Standard Knot left out.

Page 610—Fig. Large Knot and Fig. Spike Knot left out.

Page 611—Definitions covered by revisions.

Fig. "Loose Knot" and Fig. "Pith Knot" left out.

Page 612—Fig. "Encased Knot" and Fig. "Rotten Knot" left out.

Definitions covered by revisions.

Page 613—Definitions covered by revisions.

Fig. Pitch Streak left out.
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Pages 614, 615, 616, 617, 618, 619 and 620—Except Wagon Bottoms, which

is left out.

Pages 621, 622, 623 and 624—Except Fencing, which is left out.

Page 625—Fencing left out.

Pages 626, 627 and 628—Except Lath, which is left out.

Page 629—Except Byrkit Lath, which is left out.

Pages 630 and 631—Except Pickets, which is left out, are all covered hy

revised grades.

Spkcifications for Construction Oak.

Timbers left' unchanged except to be added at end of lumber grade

section.

Page 632—Paragraph at top to be carried with matter on previous page.

Paragraph, Construction Oak unchanged.

Page 632—Standard Defects have been covered in general group defini-

tion and need not be repeated here, hence leave out.

Page 633—Fig. Sound Knot and Fig. Large Knot used as shown on list.

Page 634—Fig. Loose Knot and Fig. Pith Knot used as shown on list.

Page 635—Fig. Rotten Knot and Fig. Pin Knot used as shown on list.

Page 636—Fig. Standard Knot used as shown on list.

Fig. Spike Knot not showing oak ;
provide a new one.

Page 637—Fig. Burl Knot and Fig. Pin Worm used as shown on list.

Page 638—Fig. Wooden Rafting Pin Hole and Fig. Spot Worm used as

shown on list.

Definitions covered by revisions.

Page 639—Definitions covered by revisions.

Fig. Metal Rafting Pin Hole and Fig. Grub Worm Holes used

as shown on list.

Page 640—Definitions down to "Standard Names for Construction of

Oak" covered by definitions already given.

Used paragraph "Standard Names for Construction Oak."

Page 641
—

"Specifications for Structural Oak Timbers" not changed.

Page 642—Not changed.

Page 643—Not changed, except to leave out definitions at bottom, which

are covered by one set.

Page 644—Definitions covered as revised. Fig. Standard Sound Knot

and Rotten Knot used as shown on list.

Page 645—Definitions covered as revised.

Fig. Pecky Cypress used as shown on list.

Standard lengths, etc., not changed.

Page 646—Fig. Two Small Knots equal to one Standard Knot, and

Fig. Small Sound Knot used as shown on list.

Pages 647, 648, 649, 650, 651 and 652—Unchanged.
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(Proposed Revision of)

COMMITTEE VII.

WOODEN BRIDGES AND TRESTLES.
Definitions.

(Manual, pages 219 and 220, as at present.)

Piles and Pile Driving.

(Manual, pages 220 and 221, as at present.)

Specifications for Timber Piles.

(Manual, pages 235 and 236, as at present.)

Use of Guard Rails for Wooden Bridges and Trestles.

(Insert Manual, page 246, also recommendations for use of lag screws,

Vol. 19, page 584.)

Specifications for Workmanship for Pile and Frame Trestles to Be
Built Under Contract.

(Manual, pages 238 to 241, as at present.)

Pile Driving Principles of Practice.

(Manual, pages 241 to 243, as at present.)

Pile Record Form.

(Manual, page 245, as at present.)

Economic Analysis of Structures.

(Study pages 593 to 605, Proceedings, Vol. 19, with a view to develop-

ing formula, tables and diagram for general application to all structures

and printing in the Manual. )

Economy Curves.

(Vol. 19, Monographs, pages 285, 290 and 291.)

List of P.a^ges in Manu.\l Affected by Proposed Revision, Wooden
Bridges and Trestles.

Page 219—Unchanged.

Page 220—Unchanged.

Page 221—Unchanged.

Page 222—Unchanged down to title "Standard Defects of Structural

Timber," which is revised and inserted later in arrangement.

Page 223—Revised as noted above.

Page 224—Revised as noted above.

Page 225—Fig. 1 and Fig. 2 to be inserted further on.

Page 226—Figs. 3 and 4 to be inserted further on.

Page 227—Figs. 5 and 6 to be inserted further on.

Page 228—'Figs. 7 and 8 to be inserted further on.

Page 229—Figs. 9 and 10 to be separated and inserted further on.

Page 230—Title and subject matter revised to read as shown on accom-

panying sheets.

Inspection of Bridge and Trestle Timbers and accompanying

paragraph to be left out.
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Page 231—Revised under title "Select Structural Grade for Bridge and

Trestle Timbers" and inserted later.

Page 233—Explanatory note for Structural Grade, etc.

Revised only as to title and inserted later.

Standard Specifications for Douglas Fir and Western Hem-
lock Bridge and Trestle Timbers covered by revisions under

density rule and inserted later.

Page 234—Covered by note above.

Page 235—Upper half covered by note above.

Page 235—Lower half and on through the section placed at end of this

section relating to Timber and Lumber grades.

(Revised January 6, 1919.)

Standard Names for Varieties of Structural Timber.

Southern Yellow Pine.—This term includes the species of yellow pine

growing in the Southern states from Virginia to Texas, that is, the

pines hitherto known as longleaf pine (Pinus p^lustris), shortleaf

pine (Pinus echinata), loblolly pine (Pinus taeda), Cuban pine (Pinus

heterophylla) and pond pine (Pinus serotina).

Douglas Fir.—The term "Douglas Fir" covers the timber known as yel-

low fir, red fir, Western fir, Washington fir, Oregon or Puget Sound

fir or pine, Northwest and West Coast fir.

Norway Pine covers what is known also as "Red Pine" and Banksian

(Pinus Banksiana).

Hemlock covers Southern or Eastern hemlock ; that is, hemlock from

all states east of and including Minnesota.

Western Hemlock covers hemlock from the Pacific Coast.

Spruce covers Eastern spruce; that is, the spruce timber coming from

points east of and including Minnesota.

Western Spruce covers spruce timber from the Pacific Coast.

White Pine covers the timber which has hitherto been known as white

pine, from Maine, Michigan, Wisconsin and Minnesota.

Idaho White Pine covers the variety of white pine from Western Mon-
tana, Northern Idaho and Eastern Washington.

Western Pine covers the timber sold as white pine coming from Arizona,

California, New Mexico, Colorado, Oregon and Washington. This

is the timber sometimes known as "Western Yellow Pine," or "Pon-

derosa Pine," or "California White Pine," or "Western White Pine."

Western Larch covers the species of Larch or Tamarack from the Rocky

Mountains and Pacific Coast regions.

Tamarack covers the timber known as "Tamarack," or "Eastern Tama-
rack," from states east of and including Minnesota.

Cedar covers White Cedars : Thuya occidentalis, Maine to Minnesota and

northward; Chamoecyparis thyoides, Atlantic Coast from Maine to

Mississippi ; Chamoecyparis lawsoniana, along the coast line of Ore-

gon; Libocedrus decurrens, Cascades and Sierra Nevada of Oregon
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and California. Red Cedars : Thuya gigantea, Washington to North-

ern California and eastward to Montana
;

Juniperus virginiana,

throughout United States.

Cypress (Taxodium distichum) covers bald cypress, black, white and red

cypress, from swamp and overflow land along the coast and rivers

of the Southern States.

Redwood includes the California wood usually known by that name.

Oak—Under this heading three classes of timber are used: (a) White

Oak, to include White Oak, Burr Oak and Post Oak; (b) Red Oak,

to include Re.d Oak, Scarlet Oak. Black Oak and all bastard oaks

;

(c) Chestnut Oak, to include onl}^ Chestnut Oak.

Defixition of Defects.

Defect—Fault, blemish or mark of imperfection that will materially in-

jure the strength or make the timber or lumber unsuitable for the

use intended.

Natural Defects Applicable to All Timber and Lumber.

The mean or average diameter of knots or holes shall be considered

in applying and construing these rules.

Tight or Sound Knot.—One which is solid across its face and is as

hard as the wood surrounding it. It may be of any color, contain

checks and is so fixed by growth or position that it will remain in

its place in the piece.

Loose Knot.—One not firmlv held in place by growth or position. (See

Fig. 1.)

Pith Knot.—Sound knot with a pith hole not more than ^4 inch in

diameter in the center. (See Fig. 2.)

Encased Knot.—One whose growth rings are not intergrown and homo-
genous with the growth rings of the piece it is in. The encasement

of bark or pitch may be partial or complete. If intergrown partially

or so fixed by growth or position that it will retain its place in the

piece, it shall be considered a sound knot ; if completely intergrown

on one face it is a water-tight knot. (See Fig. 3.)

Rotten Knot.—One not as hard as the wood surrounding it. (See Fig. 4.)

Pin Knot.—Sound knot ]4 inch or less in diameter. (See Fig. 5.)

For Oak—Sound knot 54 inch or less in diameter.

Small Knot.—Tight sound knot 34 inch or less in diameter. Two small

knots are not to exceed in extent or damage one 1 5^ -inch knot.

Standard Knot.—Sound knot 1^ inches or less in diameter. (See Fig. 6.)

For Oak— Sound knot 2 inches or less in diameter.

For Cypress—Sound knot 1% inches or less in diameter.

Large Knot.—Sound knot more than I1/2 inches in diameter. (See Fig. 7.)

For Oak—Sound knot not more than 2 inches in diameter.

Round Knot.—One which is circular or oval in form.

Spike Knot.—One sawed in a length wi"se direction. (See Fig. 8.)
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Diagonal Grain (including crooked grain, cross grain and spiral grain)

is grain not parallel with all the edges of the piece.

Wooden Rafting Pinholes sometimes appear on river timber which has

been rafted when holes have been bored in the solid wood for secur-

ing the timber, and a solid plug or pin driven in the hole, completely

filling it.

These defects must be treated and considered the same as knot

defects.

Ordinary Metal Rafting Pin, Cant Hook or Chain Dog-hole is

considered no defect.

Grub Worm Hoi).es are usually from about % inch to A inch in width,

and vary in length from about 1 inch to 1^ inches and are caused

by grubs working in the wood.

Pin Worm Holes are very small holes caused by minute insects or worms.

These holes are usually not over ^ inch in diameter, the wood sur-

rounding them is sound and does not show any evidence of the worm
hole having any effect on the wood other than the opening.

Spot Worm Defects (also known as Flagworm Defects) are caused,

like Pinworm holes, by minute insects or worms working on the tim-

ber during the growth. The size of the hole is about the same as

Pinworm holes, but the surrounding wood shows a colored spot as

evidence of the defect. This pot is usually sound and does not

affect the strength of the piece.

Bird Pecks are bruises apparently caused by bird pecks during the growth

process of the timber and is not considered a defect.

Pitch Pockets.—Openings between the grain of the wood, containing

more or less pitch or bark and surrounded by sound grain wood

;

these shall be classified as small, standard or large pitch pockets.

A Pitch Pocket showing open on both sides of the piece ^ inch or

more in width shall be considered the same as a knot hole.

Small Pitch Pocket.—One not over % inch wide. (See Fig. 9.)

Standard Pitch Pocket.—One not over ^ inch wide nor over 3 inches

in length.

Large Pitch Pocket.—One over ^ inch wide or over 3 inches in length.

Pitch Streak.—A well-defined accumulation of pitch at one point in the

piece. When not sufficient to develop a well-defined streak, or where

the fiber between the grain, that is, the coarse-grained fiber, usually

termed "spring wood," is not saturated with pitch, it shall not be

considered a defect.

Small Pitch Streak shall be equivalent to not over one-twelfth the width

and one-sixth the length of the piece it is in.

Standard Pitch Streak shall be equivalent to not over one-sixth the

width and one-third the length of the piece it is in.

Shakes.—Splits or checks in timber which usually cause a separation of

the wood between annual rings.

Ring Shake.—An opening between the annual rings, usually showing

only on the end of the piece.
'



Wooden Brid ges and Trestles. 253

Through Shake.—A shake which extends between two faces of a piece

• of timber.

Pitch Shake.—A clearly defined seam or opening between the grain of

the wood and may be either filled or not with granulated pitch.

Checks.—A small crack in the wood due to seasoning. Ordinary season

checks such as occur in lumber properly covered in yard, or season

checks of equal size in kiln-dried lumber shall not be considered

defects.

"Sap."—Sap is the alburnum of a tree—the exterior part of the wood next

to the bark. Sapwood is not considered a defect except as provided

herein.

Sound Heart.—The term "Sound Heart" is used whenever that part of

the piece which was originally the central part, or core of the tree,

is sound and solid, not decayed.

Rot, Dote, Red Heart.—Any form of decay which may be evident

either as a dark red discoloration not found in the sound wood or

by the presence of white or rotten red spots, which shall be con-

sidered as a defect. Discoloration of the heart of the wood or

stained heart must not be confounded with red or rotten streaks.

The presence of rot is indicated by a decided softness of the wood

where it is discolored or by small white spots resembling pin worm-

holes.

Water stain, or what are sometimes called scalded or burnt spots,

usually caused by timber lying in the water under certain conditions

before it is sawed, and burnt spots where timber is improperly piled

green, are not considered defects, as they do not affect the strength

of the piece.

Wane.—Wane is bark or the lack of wood, from any cause on edges of

timber.

Crook.—A deflection edgewise from a straight line in the length of a

piece. The extent of crook shall be determined by drawing a straight

line from end to end of the piece on the concave edge, and measuring

from such line to the edge of piece at the point of greatest deflection.

Illustrations.

Page
Loose Knot, Fig. No. 1 225
Pith Knot, Fig. No. 2 225

Encased Knot, Fig. No. 3 226
Rotten Knot, Fig. No. 4 226
Pin Knot, Fig. No. 5 227
Standard Knot, Fig. No. 6 227
Large Knot, Fig. No. 7 228
Spike Knot, Fig. No. 8 228
Large Spike Knot 594
Small Spike Knot 593

Small Pitch Pocket, Fig. No. 9 229
Closed Small Pitch Pocket 596
Large Open Pitch Pocket .597

Pitch Streak, Fig. No. 10 229
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Small Pitch Streak 598

Solid Pitch 597

Pitch Knot 597

Cluster of Knots 596

Oak Defects:
Sound Knot 633
Large Knot 633

Loose Knot 634
Pith Knot 634
Rotten Knot 635

Pin Knot .
.*. 635

Standard Knot 636
Spike Knot. (Get New One.)
Burl Knot . . . J 637
Pin Worm 637
Wooden Rafting Pin Hole 638
Spot Worm 638
Metal Rafting Pin Hole 639
Grub Worm Holes 639

Cypress Defects

:

Standard Sound Knot (1J4 in) 644
Rotten Knot 644
Pecky Cypress 645
Two Small Knots Equal to One Standard Knot 646
Small Sound Knot 646

Defects of Manufacture, Applicable to All Timber and Lumber.

Defects in rough stock caused by improper manufacture and drying

will reduce grade, unless they can be removed in dressing such stock to

standard sizes.

In structural timber defects of manufacture have usually been omit-

ted, being of minor significance.

Imperfect manufacture in dressed stock, such as torn grain, loosened

grain, slight skips in dressing, wane, broken knots, mismatched, insufficient

tongue or groove for flooring, ceiling, drop siding, etc., shall be consid-

ered defects, and will reduce the grade according as they are slight or

serious in their effects on the use of the stock.

Torn grain consists of a part of the wood having been torn out in

dressing. It occurs around knots and curly places and is of four dis-

tinct characters : slight, medium, heavy and deep. Slight torn grain shall

not exceed s's inch in depth ; medium iV and heavy ^ inch. Any torn

grain heavier than 1/s inch shall be termed deep.

Loosened grain consists in a point of one grain being torn loose

from the next grain. . It occurs on the heart side of the piece and is a

serious defect, especially in flooring.

Chipped grain consists in a part of the surface being chipped or

broken out in small particles below the line of cut and, as usually found,

should not be classed as torn grain, and shall be considered a defect only

when it unfits the piece for use intended.

Pieces of Flooring, Drop Siding or Partition with -^ inch or more

of tongue; and pieces of Ceiling with J^ inch or more of tongue; and

pieces of Ship Lap with -^ inch of lap will be admitted in any grade.
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Pieces of Flooring, Drop Siding, Ceiling or Partition having not

less than ^ inch tongue will be admitted in No. 2 Common. Pieces of

Ship Lap having less than fe inch and not less than % inch lap shall be

admitted in No. 2 Common.

Standard Sizes.

In the absence of a special agreement between buyer and seller, for

each order, the following sizes shall be standard for all lumber and timber.

"Rough timbers sawed to standard size" means that they shall not

be over % inch scant from the actual size specified. For instance, a

12xl2-inch timber shall measure not less than 11^x1154 inch.

"Standard Dressing" means that not more than J4 inch shall be allowed

for dressing each surface. For instance, a 12xl2-inch timber, after being

dressed on four sides, shall measure not less than IVAxlVA inches.

Dimension Plank and Small Timbers, When SISIE or S4S.

ninal Finrshed Nomir
56, Size, Size,

lies. Inches. Inche:

4 IH X 3^ 3 X
6 1^ X 5^ 3 X

; 8 15^ X 7^4 3 X
; 10 1^ X 91^ 3x1
; 12 1^ X 11^ 3x1
; 14 1^ X 13J^ 3x1
; 16 1^ X 151^ 3x1
Dimension lumber S4S % inch less in thickness and width than

SlSlE shall be standard, but no objection shall be made to stock finished

to the standard size for S and E.

Standard lengths are multiples of two feet, 4 to 24 feet, inclusive,

but lengths shorter than 10 feet shall not be included in miscellaneous

or mixed shipments except by agreement.

Dressed Finishing Lumber SIS or S2S.

Nominal



256 Wooden Bridges and Trestles.

Boards, Ship Lap, D. & M.

Nominal Common Boards SIE
Size, SlSorS2S, or S2E, Ship Lap D. & M.,

Inches. Inches. Inches. Inches. Inches.

1x4 H SVz ^x3 ^x3^
1x6 3/4 5J^ M X 5 54 X 5V^

1x8 }i 1V2 Hx 7 ^x7
1 X 10 Va 9^ •)4 X 9 ^ X 9

1 X 12 Va 115^ M X 11 ^ x 11

Standard lengths are multiples of 2 feet.

Bevel Siding.

-Finished Sizes-

Nominal Size, Thin Edge. Thick Edge. Width, .

Inches. Inches. Inches. Inches.

}4 X 4 ^ Vz 3J^

1/2 xS ^ V2 4'^

1/^x6 ^ V2 sy2

Bevel Siding shall be made from stock S4S worked to if of an inch

by 3}/2, 4^ and 5^ inches, and re-sawed on a bevel.

Standard lengths are multiples of one foot, from 4 to 20 feet. Five

per cent, of 8 or 9 feet is allowed in mixed length shipments of "B and

Better." Bevel Siding and in addition five per cent, of 6 or 7 feet in

"No. 1 Common" and in addition five per cent, of 4 or 5 feet in "No.

2 Common."
The above percentage of short lengths is customary, and in the in-

terest of conservation will be included, so far as practicable, in all ship-

ments of mixed lengths.

Drop Siding.

Finish Size. Worked Shiplap.

f^"x4ys" V2" rabbet

^"x4%" 1/4" rabbet

M"x3^" Face ^" tongue 54"x3" 3^" Overall

54"x5;^" Face yi" tongue ^"x5" SV2" Overall

^"x7" Face 54" tongue ^"x7" 7^" Overall

Standard lengths are multiples of 2 feet from 4 to 20 feet.

Five per cent, of 8 or 9 feet is allowed in mixed length shipments of

"B and Better Drop Siding," and in addition five per cent, of 6 or 7 feet

in "No. 1 Common" and in addition five per cent, of 4 or 5 feet in

No. 2 Common.
The above percentage of short lengths is customary and in the in-

terest of conservation will be included, so far as practicable, in all ship-

ments of mixed lengths.

No.
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Five per cent, of 8 or 9 feet is allowed in mixed length shipments

of "B and Better" Ceiling and in addition five per cent, of 6 or 7 feet

in No. 1 Common, and in addition five per cent, of 4 or 5 feet in No.

2 Common.
The above percentage of short lengths is customary, and in the in-

terest of conservation will be included, so far as practicable, in all ship-

ments of mixed lengths.

Partition.

Nominal Size. Finished Size.

1") X 4" U" X 3!4" Face
1"' X 6" W X SVs" Face

Standard lengths are multiples of one foot.

Same percentage of short lengths is allowed as in ceiling.

General Instructions on Grading Timber and Lumber.

No arbitrary rules for the inspection of lumber can be maintained with

satisfaction. The combinations and evaluations of defects are numerous

and classification in grading lumber must be left to practical common
sense. The general features of these classes are given by the following

description of grades.

All lumber is graded with special reference to its suitability for the

use intended.

With this in view each piece is considered and its grade determined by

its general character, including the sum of all its defects.

Inspection of lumber is not an exact science and a reasonable varia-

tion of opinion between inspectors should be recognized; therefore, a

variation of not more than 5 per cent, upon reinspection should not disturb

the original inspection.

The enumerated defects herein described in any grade are intended to

be descriptive of the coarsest piece such grades may contain.

Equivalent means equal, and in construing and applying these rules,

the defects allowed are understood to be equivalent in damaging eflfect to

those mentioned applying to stock under consideration.

In case of a piece of lumber which lies so close to the boundary line

between two grades that there is doubt as to which grade it belongs in, it

shall be given the lower grade.

A shipment of any grade must consist of a fair average of that grade

and shall not include an unfair proportion of the better or poorer pieces

that would pass in that grade. A shipment of mixed widths shall contain

a fair assortment of each width. A shipment of mixed lengths shall

contain a fair assortment of each length.

Defects in lumber are to be considered in connection with the size

of the piece, and for this reason wider and longer pieces will carry more

defects than smaller pieces in the same grade. Defects in flooring, ceiling,

partition, casing and base, drop siding and rustic are based on a piece

4 inches wide and 12 feet long, except where otherwise specified.
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Lumber must be accepted on grade in the form in which it was

shipped. Any subsequent change in manufacture or condition will prohibit

a re-inspection for the adjustment of claims, except with the consent of

all parties interested.

What is known as "Yard Lumber," such as Dimension, Common
Boards and Finish, etc., is graded from the face side, which is the best

side, except that lumber which is dressed one side only is graded from the

dressed side.

Factory lumber, which is used for the manufacture of doors, sash,

etc., and must show both sides, is always graded from the poorer side.

The grade is determined by the quantitj- of suitable cuttings obtainable

in each piece.

All dressed lumber shall be measured and sold at the full size of rough

material used in its manufacture.

All lumber one inch or less in thickness shall be counted as one inch

thick.

The term "Vertical Grain" is here used as s3'nonymous with edge

grain, rift sawed or quarter sawed. The term "Flat Grain" is synonymous

with slash grain or plain sawed.

Definitions Relating to Select Structural Grade for Bridge and Trestle

Timbers, Douglas Fir and Southern Yellow Pine Specifications.

Annual Ring.

Each annual ring is composed of two distinct types of wood structure,

i. e., the porous, light colored and lightweight springwood formed during

the first part of the growing season and the hard, dense and darker-

colored summerwood formed during the latter part of the growing season.

Springwood.

The inner part of the annual ring formed in the earlier part of the

season, not necessarily in the spring and often containing vessels or pores.

Summerwood.

The outer part of the annual ring formed later in the season, not

necessarily in the summer, being usually dense in structure, darker in

color and without conspicuous pores.

Measurement of Knots.

In Beams, the diameter of a knot on the narrow or horizontal face

shall be taken as its projection on a line perpendicular to the edge of the

timber. On the wide or vertical face, the smallest dimension of a knot

is to be taken as its diameter.

In Columns, the diameter of a knot on any face shall be taken as its

projection on a line perpendicular to the edge of the timber.

Select Structural Grade for Bridge and Trestle Timber, Douglas Fir and

Southern Yellow Pine Specifications.

General Requirements.

(a) Shall contain only Dense Douglas Fir or Southern Yellow Pine

timbers.
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Dense timber of the above kinds shall show on either one end or the.

other an average of at least six annual rings per inch, or eighteen rings

in three inches as measured over the third, fourth and fifth inches of a

radial line from the pith and at least 33J/5 per cent, summerwood for

girders not exceeding 20 inches ih height, and for columns, 16 inches

square or less. For larger timbers the inspection shall be made over the

central three inches on the longest radial line from the pith to the corner

of the piece. Wide ringed material excluded by the above will be accepted,

provided the amount of summerwood as above measured shall be at least

50 per cent.

The contrast in color between summerwood and springwood shall be

sharp, and the summerwood shall be dark in color, except in pieces having

considerably above the minimum requirement for summerwood.

In cases where timbers do not contain the pith, and it is impossible to

locate it with any degree of accuracy, the same inspection shall be made
over three inches on an approximate radial line beginning at the edge

nearest the pith in timbers over three inches in thickness and on the

second inch (on the piece) nearest to the pith in timbers three inches or

less in thickness.

In dimension material containing the pith but not a five-inch radial

line, which is less than two by eight inches in section or less than eight

inches on the cross-section, the inspection shall apply to the second inch

from the pith. In larger material that does not show a five-inch radial

line, the inspection shall apply to the three inches farthest from the pith.

The radial line chosen shall be representative. In case of a disagree-

ment between purchaser and seller as to what is a representative radial

line, the average summerwood and number of rings shall be the average

of the two radial lines chosen.

(b) Shall consist of lumber well manufactured, square edge and

sawed standard size ; solid and free from defects, such as ring shakes and

injurious diagonal grain; loose or rotten knots; knots in groups; decay;

pitch pockets over six inches long or ^ inch wide, or other defects that

will materially impair its strength.

(c) Occasional variation in sawing not to exceed J4-inch scant at

time of manufacture allowed.

(d) When timbers 4 by 4 inches and larger are ordered sized, they

will be Yi inch less than nominal size, either SISIE or S4S, unless other-

wise specified.

Stringers, Girders and Deep Joists.

Shall show not less than 85 per cent, of heart on each of the four

sides, measured across the sides anywhere in the length of the piece.

Shall not have in volume 1 and 2, knots aggregating greater in diam-
eter than one-fourth the width of the face in which they occur, with a

maximum for any one knot oi VA inches in diameter.

Shall not have in volume 3, knots aggregating larger than one-third

the width of the face in which they occur, with a maximum for any one
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knot of 3 inches in diameter. Knots within the center half of the span

shall not exceed in the aggregate the width of the face in which they

occur.

Shall not permit diagonal grain in volumes 1 or 2 with a slope greater

than one in twenty.

When stringers are of two or mure span length, they shall be consid-

ered as two or more separate pieces and the above restrictions applied to

each span length.

The inspector shall place his stamp on the edge of the stringer to be

placed up in service.

Cap and Sills.

Shall show 85 per cent, of heart on each of the four sides, measured

across the sides anywhere in the length of the piece, and shall be free from

knots aggregating larger than one-fourth the width of the face in which

they occur with maximum for any one knot of 3 inches in diameter.

Knots shall not be in groups.

Posts.

Shall show not less than 85 per cent, of heart on each of the four

sides, measured across the face anywhere in the length of the piece, and

shall be free from knots larger than one-fourth the width of the face in

which they occur, with a maximum of 3 inches in diameter. Knots shall

not be in groups.

Longitudinal Struts or Girts.

Shall show all heart on one face ; the other face and two sides shall

show not less than 85 per cent, of heart, measured across the face or side

anywhere in the length of the piece. Shall be free from knots over 2

inches in diameter.

Longitudinal Cross Braces, Sasli Braces and Sway Braces.

Shall show not less than 85 per cent, of heart on two faces and shall

be free from knots larger than one-third the width of the face in which

they occur, with a maximum of 2 inches in diameter.

Branding.

The inspector shall brand each timber which conforms to the above

requirements, "Select Structural" (Douglas Fir or Yellow Pine as the

case may be).

Commercial Timber and Lumber Grades.

Timber.

Selected Common.
Selected Common shall be sound, strong timber, well manufactured

and free from defects that materially impair its strength. Must be suitable

for high-class construction purposes, free from shake, splits, loose or

rotten knots. Will allow sound and tight knots, if not in clusters and

which in no case shall exceed in diameter one-sixth the width of the face

in which such knots occur up to and including 12xl2-inch; and further



262 Wooden Bridges and Trestles.

providing that such sound and tight knots in 14xl4-inch and larger shall

in no case exceed 2^ inches in diameter.

The select common grade also will allow occasional variation in

sawing; tight pitch pockets, not over six inches in length, wane not to

exceed one inch on one corner and not exceeding one-sixth the length

of the piece.

White sap or a slight amount of sound stained sap on the back shall

not be considered a defect in this grade.

No. 1 Common.
No. 1 Cor^mon Timber 6x10 inches and larger shall be sound stock

well manufactured and free from defects that will materially weaken the

piece. Occasional slight variation in sawing allowed.

Ten by ten-inch timbers may have a 2-inch wane on one corner or the

equivalent on two or more corners, checks and season checks not extending

over one-eighth the length of the piece. Smaller and larger timbers may
have wane in proportion. In addition will allow large sound and tight

knots, which approximately should not be more than one-fourth the width

in diameter of any one side in which they may appear, spike knots, stained

sap one-third the width and slight streak of heart stain extending not

more than one-fourth the length of the piece.

No. 2 Common.
No. 2 Common Timbers will admit large, loose or rotten knots ; a

lOxlO-inch may have a 3-inch wane on one corner or the equivalent on two

or more corners, larger and smaller sizes in proportion ; shake or rot thai

does not impair its utility for temporary work.

Dimension Plank, Joists, Scantling and Small Timbers.

Selected Common.
Selected Common shall be sound, strong lumber well manufactured

and free from defects that materially impair the strength. Must be suit-

able for high-class construction purposes and free from shake, loose or

rotten knots.

Will allow occasional variation in sawing, sound and tight, small and

standard knots and tight pitch pockets not over 6 inches in length.

Twelve inches and wider may contain, in addition to the above, a

couple of large knots not to exceed 2 inches in diameter when well placed,

a slight amount of sap admissible.

No. 1 Common.
No. 1 Common must be sound stock, well manufactured and suitable

for all ordinary construction purposes without waste and must be sound

and tight-knotted stock.

Will admit knots which in a 2x4 or 3x4 piece may be approxi-

mately lJ/2 inches; in a 2x6-inch or 3x6-inch piece, 2 inches; in a 2x8-inch

or 3x8-inch or 2xl0-inch or 3xlO-inch piece, 2^ inches; and one-fourth

the width of the piece in 12 inches and wider; spike knots that do not mate-
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rially weaken the piece; wane not over one-fourth the thickness of the

piece 1 inch wide on face up to 6 inches, and 1^ inches wide on face of

8 inches and wider, extending not more than one-third the length of the

piece or a proportionate amount for a shorter distance on both edges, in

any case one side and two edges should provide a good nailing surface,

and in no case shall wane extend over one-half the side of the piece.

Pith knots or small defective knots which do not weaken the piece

more than the knots above allowed are admitted, solid pitch, pitch pockets,

sap stain, a limited number of worm holes well scattered, limited torn

grain, seasoning checks, splits in ends, not exceeding in length the width

of the piece, firm red heart, heart shakes that do not go through.

May contain crook of l>4-inch in 2x4—16 feet, and % inch less in each

additional 2 inches in width up to and including 2x12—16 feet. Length

longer or shorter than 16 feet of No. 1 Common Dimension may contain

crook in proportion to the above.

No. 2 Common.
This grade shall consist of lumber suitable for a cheaper class of

construction than No. 1 Common.
Will admit large, coarse sound knots, which in a 2x4 and 3x4-inch

piece should not be larger than 25^2 inches in diameter ; in 2x6 or 2x8 or

3x6 or 3x8-inch pieces, 3 inches, and in 2x10 or 3x10 or wider pieces one-

third the width of the piece in diameter, spike knots, smaller, loose,

hollow or rotten knots that do not weaken the piece more than the knots

aforesaid, worm holes well scattered, large pitch pockets, rotten streaks,

small amount of fine shake, split not to exceed one-quarter the length of

the piece, heart and sap stains in any amount, decayed sap, wane if leaving

a fair nailing surface.

May contain crook of 2 inches in 2x4—16 feet, and % inch less in

each additional 2 inches in width up to and including 2x12—16 feet.

Length shorter or longer than 16 feet may contain crook in proportion to

the above.

Miscut 2-inch Common which does not fall below Ij^ inches in thick-

ness or % inch scant in width from standard size, shall be admitted in

No. 2 Common, provided such pieces are in all other respects as. good as

No. 1 Common at point of miscut.

A very serious comljination of above defects must not be permitted

in any one piece.

No, 3 Common.
No. 3 Common will include all pieces falling below No. 2 Common

which are sound enough to use for cheap building material by wasting

2S per cent, of each piece of one-third of number of pieces in any one

item of a shipment but it must not be more than yi inch scant of standard

finished width nor ^ inch scant of standard finished thickness. This

grade will admit a greater degree of all the imperfections allowed in No.

1 and No. 2 Common, but shall not admit useless culls.
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Boards, Ship Lap and D & M.

Selected Common.
Selected Common shall be square edged, well manufactured. Will

admit sound tight knots not over 1 inch in diameter in 4-inch and 6-inch,

not over IJ^ inches diameter in 8-inch, medium sized tight pitch pockets

not over 6 inches in length, two pith knots, the equivalent of one split not

to exceed in length the width of the piece, torn grain, pitch pockets, slight

shake, sap stain, seasoning checks, firm red heart, small amount of slightly

stained sap. These boards must be of a sound, strong character.

No. 1 Commori.

No. 1 Common will admit any two of the following or their equivalent

of combined defects :

Sound and tight knots approximately V/i inches in diameter in 4 and

6-inch ; 2 inches in diameter in 8 and 10-inch ; 2^ inches in 12-inch and

not over 3 inches in diameter in widths over 12 inches.

Pitch pockets, seasoning checks, one straight split not longer than the

width of the piece, sap stain, slight streak of heart stain, pith knots, torn

grain, slight shake, firm red heart, wane V'2 inch deep on edge not exceed-

ing 1 inch in width on face and extending not over one-third the length

of the piece, a limited number of pin worm holes well scattered.

These boards must be firm, sound and suitable for use in ordinary

construction except finishing purposes without waste.

No. 1 Common Ship Lap or D & M or Barn Siding shall be graded

by rules governing No. 1 Common Boards, except as to wane which shall

not be so deep as to extend into the tongue or one-half the thickness of

the top lip on the groove in D & M, or over one-half the thickness of the

lap in Ship Lap on the face side; pieces of Ship Lap with tk inch of lap

will be admitted in any grade.

No. 2 Common.
No. 2 Common will admit large coarse knots not necessarily sound,

approximately 2 inches in diameter in 4 and 6-inch stock; 2^ inches in

8 and 10-inch and one-third the width of the piece in 12-inch and wider,

spike knots, solid heart or sap stain, solid pitch or pitch pockets, a limited

number of well scattered worm holes, splits one-fourth the length of the

piece. Small amount of fine shake, wane 2 inches wide if it docs not

extend into the opposite face, or through heart shakes over one-half the

piece or through rotten streaks when firm, J^ inch wide over one-fourth

the length of the piece or its equivalent of unsound red heart or combina-

tion of defects equivalent to the above but a serious combination of above

defects in any one piece not permitted.

A knot hole 2 inches in diameter will be admitted provided the piece

is otherwise as good as No. 1 Common.
Miscut 1-inch Common Boards which do not fall below 34 inch in

thickness shall be admitted in No. 2 Common, provided the grade of such

thin stock is otherwise as good as No. 1 Common.
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No. 3 Common.
No. 3 Common will admit of stock below the grade of No. 2 Common

that is suitable for cheap sheathing. The general appearance is coarse.

It will admit large coarse knots without restrictions as to size, loose knots,

unsound knots, knot holes, pitch pockets, solid pitch, very wormy pieces,

shake, heart or sap stain, decayed sap, decayed streaks, well scattered

small rotten spots, split, blue sap, wane but a serious combination of above

defects in any one piece not permitted. It should cut 75 per cent, of

lumber as sound as No. 2 Common.

No. 4 Common,
No. 4 Common shall include all pieces that fall below the grade of

No. 3 Common, excluding such pieces as will not be held in' place by

nailing. After wasting one-fourth the length of the piece by cutting into

two or three pieces.

The predominating defect characterizing this grade is red rot. Other

defects are numerous large worm holes, several knot holes, or pieces that

are extremely coarse knotted, waney, shaky or badly split, extremely cross-

checked.

No. 5 Common.
No. 5 Common is the lowest grade and admits of all defects known in

lumber provided the piece is strong enough to hold together when care-

fully handled.

Thick Common Lumber.

Common lumber, 1% inches and thicker, shall be graded the same as

1-inch lumber.

Rough Stock for Finish.

Finish must be evenly manufactured and shall embrace all sizes from

1 to 2 inches inclusive in thickness by 3 inches and over in width.

One, 1j4 and l^^-inch finishing lumber unless otherwise ordered shall

measure when drj^, not more than ^ inch scant in thickness and 2-inch

not more than % inch scant in thickness when seasoned.

Stock width shipments of "C" and "Better," either rough or dressed on

one or two sides, shall be accepted as standard where not more than 20

per cent, of any shipment is ^ inch scant on 8-inch widths and under;

}i inch scant on 9 or 10-inch; and 14 inch scant on 11 and 12-inch and

wider when seasoned
;
pieces narrower than the above and pieces in excess

of 20 per cent, of the shipment that are of the minimum measurement
given, should be measured as of the next lower standard width and not

reduced in grade.

Standard lengths are 8 to 20 feet; and in shipments of mixed lengths,

5 per cent, of 8 feet in grade of "C" and "Better" shall be admitted. The
above percentage of short lengths is customary and in the interest of

conservation will be included as far as practicable in all shipments of

mixed lengths.

Wane and other defects that will dress out in working standard sizes

are admissible.
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Finishing lumber ordered rough if thicker than count thickness for

dry or green stock, may be dressed to such count thickness, and when so

dressed, shall be considered as rough.

Rough finish shall be graded on the best side, but the reverse side

must not be more than one grade lower.

Subject to the foregoing provisions, Rough Finishing Lumber shall

be graded according to the rules applying to Dressed Finishing Lumber.

When likfe grade on both faces is required, special contract must be

made.

' Dressed Finishing Lumber.

Selected Flat Grain.

Selected Flat Grain shall be finishing lumber free from all sap or

defects on face and edges and shall be selected for beauty and character

of grain.

"A" Finishing inch, 1J4, 1^ and 2-inch dressed one or two sides up

to and including 12 inches in width, must show one face practically clear

of all defects, except that it may have such wane as would dress off if

surfaced four sides ; 13-inch and wider "A" Finishing will admit two small

defects or their equivalent. "B" Finishing, inch, lj4, 15^ and 2-inch

dressed one or two sides, up to and including 10 inches in width in

addition to the equivalent of one split in end which should not exceed in

length the width of the piece, will admit any two of the following or their

equivalent of combined defects; slightly torn grain, three pin knots, one

standard knot, three small pitch pockets, one standard pitch pocket, one

standard pitch streak, 5 per cent, of sap stain or firm red heart; wane not

to exceed 1 inch in width, ^ inch in depth and one-sixth the length of the

piece, small seasoning checks.

Eleven-inch and wider "B" Finishing will admit three of the above

defects or their equivalent, but sap stain or firm red heart shall not exceed

10 per cent.

"C" Finishing up to and including 10-inch in width will admit in

addition to the equivalent of one split in end which should not exceed

in length the width of the piece, anj^ two of the following, or their

equivalent of combined defects : 25 per cent, of sap stain, 25 per cent,

firm red heart, two standard pitch streaks, medium torn grain in three

places, slight shake, seasoning checks that do not show an opening through,

two standard pitch pockets, si.x small pitch pockets, two standard knots,

six pin knots, wane 1 inch in width, 1/2 inch in depth and one-third the

length of the piece. Defective dressing or slight skips in dressing will

also be allowed that do not prevent its use as finish without waste.

Eleven-inch and 12-inch "C" Finishing will admit one additional defects or

its equivalent. Pieces wider than 12 inches will admit two additonal defects

to those admitted in 10-inch or tlieir equivalent, except sap stain which

shall not be increased.

Selected Flat Grain.

Pieces otherwise as good as "B" will admit of twenty worm holes.
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Special Finish.

In case both sides are desired, "A," "B" or "C" grade, or free from

all defects, special contract must be made. Defective dressing or slight

skips in dressing on the reverse side of Finishing are admissible.

Moulded Casixg, Base, Window and Door Jambs.

Moulded Casing and Base shall be worked to •>4 inch thick as per

established patterns.

Window and Door Jambs are to be dressed, rabbeted and plowed as

ordered.

Grades A, B and C.

"A" Grade must be practically free from defects on the face side and

well manufactured.

"B" Grade shall admit the same defects as are admissible in the same

widths of "B" Finishing except wane.

"C" Grade shall admit the same defects as are admissible in the same

widths of "C" Finishing except wane.

Moulding.

"B and Better" Moulding. One-third of any item may contain any

one of the following defects or its equivalent : One pin knot, small pitch

pockets, pitch 1 inch wide, 6 inches long, three pin worm holes, slight

defects in dressing.

Standard lengths ; 8 feet and longer, and in ^hipments of mixed

lengths 5 per cent, of 6 or 7 feet shall be admitted, even thouglr the number
of feet of each length be specifically stated.

Drop Siding.

Defects named in Drop Siding are based upon a piece manufactured

from 1x6—12 feet, and pieces larger or smaller than this will take a

greater or lesser number of defects, proportioned, to their size on this

basis.

The amount of crook permissible in No. 1 Common and Better Drop
Siding may be as follows

:

Sixteen-foot lengths as a basis for 4-inch widths, 3 -inch crook.

Sixteen- foot lengths as a basis for 6-inch widths, 25^-inch crook.

Lengths longer or shorter than 16 feet may have a proportional

amovmt of crook.

In all grades of Drop Siding wane on the reverse side, not exceeding

one-third the width and one-sixth the length of any piece is admissible,

providing the wane does not extend into the tongue.

"A" Drop Siding.

"A" Drop Siding must be practically free from defects on the face

side and well manufactured.

Slight roughness in dressing admissible.
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A piece 14 feet or longer may have one defect located 4 feet or

more from the end that can be cut out by wasting not more than 15^2

inches of the length, provided balance of piece be practically free from

other defects.

"B" Drop Siding.

"B" Drop Siding will admit any two of the following defects:

Medium torn grain, three pin knots, one standard knot, 15 per cent, sap

stain, 15 per cent, firm red heart, small seasoning checks, six pin worm
holes or any one of the above defects combined with either three small

pitch pockets oV one small pitch streak.

A piece that is otherwise as good as "B" grade may have a defect

that can be cut out by wasting not more than 2y2 inches in the length of

the piece, providing the defect is 4 feet or more from the end.

No. 1 Drop Siding.

No. 1 Common Drop Siding will admit numerous small or several

medium or one large pitch pocket, one standard pitch streak and in addi-

tion sound knots not over one-half the width of the piece in the rough, a

couple of small knot holes, pin worm holes or a few well scattered grub-

worm holes, sap stain, firm red heart, slight shake, heavy torn grain,

seasoning checks that do not show an opening through, defects in manu-

facturing that will lay without waste. A very serious combination of

above defects not permissible in any one piece.

Pieces otherwise as good as "B" Drop Siding may have one defect

(like a knot, hole) that can be cut out by wasting 2^/2 inches of the length

of the piece, provided both pieces are 16 inches or over in length after

cutting out such defects.

No. 2 Common Drop Siding.

No. 2 Common Drop Siding admits of all pieces not as good as No.

1 Common that can be used without waste of more than one-fourth the

length of any one piece.

Bevel Siding.

Bevel Siding shall be graded according to the rules for Drop Siding

and will admit in addition slight imperfections on the thin edge, which

will be covered by the lap when laid 2^2 and 43-^2 inches to the weather.

Rustic Siding.

Rustic Siding shall be graded according to the rules for Drop Siding.

Flooring.

Special.

Defects named in Flooring are based upon a piece manufactured from
1x4—12 feet long, and pieces larger or smaller than this will take a greater

or lesser number of defects, proportioned to their size on this basis, except

that standard knots shall not exceed V/i, inches in diameter in 3-inch

flooring.
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The amount of crook permissible in No. 1 Common and Better Floor-

ing may be as follows :

Sixteen-foot lengths as a basis for 3-inch widths, 3^-inch crook.

Sixteen-foot lengths as a basis for 4-inch widths, 3 -inch crook.

Sixteen-foot lengths as a basis for 6-inch widths, 2^-inch crook.

Lengths longer or shorter than 16 feet may have a proportionate

amount of crook.

Standard Matched Flooring to be surfaced two sides with scored

back.

Center Matched Flooring (S2S and C. M.) shall be required to come

up to grade on one side only, and the defects admissible on the reverse

side of standard match shall be allowed.

Grades A, B, C, D, and No. 1 Common, Edge or Vertical Grain.

Grades A, B, C, D, No. 1 Common, No. 2 Common, No. 3 Common or

No. 3 Sheathing, Flat Grain.

Grade "A" Edge Grain Flooring.

Admits no piece in which angle of the grain exceeds 45° from vertical

at any point. This grade shall be well milled on face, must have perfect

edges and be practically free from all defects on the face side. Bright

sap showing not more than one-third of face half the length of piece will

be admitted.

Grade "B" Edge Grain Flooring.

Admits no piece in which angle of the grain exceeds 45° from vertical

at any point. This grade will admit any two of the following or their

equivalent of combined defects: Five per cent, sap stain, 15 per cent, firm

red heart, three pin knots, one standard pitch streak, slight torn grain,

small seasoning checks.

Grade "0" Edge or Vertical Grain Flooring.

Admits no piece in which angle of the grain exceeds 45° from vertical

at any point. This grade will admit any two of the following defects or

their equivalent or combined defects. Fifteen per cent, sap stain, 25 per

cent, firm red heart, six pin knots, two standard knots, small pitch pockets,

two standard pitch pockets, two standard pitch streaks, twelve pin worm
holes, slight shake that does not go through, seasoning checks that do not

show an opening through, medium torn grain or other machine defects

that will lay without waste.

A piece 12 feet or longer otherwise as good as "B" may have a defect

that can be cut out and the piece laid with a loss of not more than 2^
inches in its length, providing the defect is 4 feet or more from the end

of the piece.

Grade "D" Edge or Vertical Grain Flooring.

Admits no piece in which angle of the grain exceeds 45° from vertical

at any point. This grade will admit the following defects or their equiva-

lent of combined defects. Sap stain, firm red hearts, sound knots not over
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one-half the cross-section of the piece in the rough and any one point

throughout its length, three pith knots, pitch, pitch pockets, a limited

number of pin worm holes well scattered, shake that does not show an

opening through, loosened or heavy torn grain or other machine defects

that lay without waste.

Pieces otherwise as good as "B" Flooring may have one defect (like

a knot hole) that can be cut out by wasting 20 inches of the length of

the piece, provided both pieces are 16 inches or over in length after cutting

out such defects.

It is generaljly understood that this grade will admit such defects or

. combination of defects as will not impair its utility for cheap floors.

No. 1 Common Flooring is the combined grade of C and D Flooring

and will admit all pieces that will not grade "B" and are better than No.

2 Common Flat Grain Flooring.

Flat Grain Flooring shall take the same inspection as Edge or Vertical

Grain, except as to requirement of angle of the grain.

No. 2 Common Flooring.

Admits all pieces that will not grade as good as "D" Flooring that can

be used for cheap floors without waste of more than one-fourth the length

of any one piece.

Pieces of flooring having not less than is inch tongue will be admitted

in No. 2 Common.

No. 3 Common on No. 3 Sheathing.

Admits all pieces that cannot be used as No. 2 Common Flooring but

are still available as cheap sheathing or lathing without waste of more

than one-fourth the length of any one piece.

Ceiling.

Defects in Ceiling are based upon a piece manufactured from 1x4

—

12 feet long, and pieces larger or smaller than this will take a greater or

lesser number of defects, proportionate to their size on this basis.

The amount of crook permissible in No. 1 Common and Better Ceiling

may be as follows :

Sixteen-foot lengths as a basis for 3-inch widths, 3^-inch crook.

Sixteen-foot lengths as a basis for 4-inch widths, 3 -inch crook.

Si.xteen-foot lengths as a basis for 6-inch widths, 2^-inch crook.

Lengths longer or shorter than 16 feet may have a proportionate

amount of crook. In all grades of Ceiling wane on the reverse side, not

exceeding one-third the width and one-sixth the length of any piece, is

admissible providing the wane does not extend into the tongue.

Ceiling may be specified either as Edge or Vertical Grain or Flat

Grain. The inspection will be the same for cither kind.

"A" Ceiling.

"A" Ceiling must be practically free from defects on the face side,

well manufactured, will admit of slight roughness in dressing, through

close pitch pockets, each not to exceed 2 inches in length, or one sound

and tight smooth pin knot, or the equivalent of combined defects.
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"B" Ceiling.

"B" Ceiling will admit of any two of the following defects or ,their

equivalent of combined defects : Slight torn grain, three pin knots, two

small or one standard knot, three small pitch pockets, any two of which

may be open, one standard pitch pocket, one small pitch streak, small

seasoning checks, 15 per cent, sap stain, 15 per cent, firm red heart, six

pin worm holes.

A piece otherwise as good as No. 2 may have a defect that can be cut

out and the piece laid with a waste of not more than 2^ inches in length,

providing the defect is 4 feet or more from the end of the piece.

No. 1 Common Ceiling.

No. 1 Common Ceiling will admit the following defects or their

equivalent of combined defects : Heavy torn grain, sound knots not over

one-half the cross-section of the piece in the rough, pitch, pitch pockets,

seasoning checks that do not show an opening through, a sap stain, firm

red heart, slight shake, defects in manufacture that will lay without waste,

a limited number of pin worm holes well scattered.

Pieces otherwise as good as "B" Ceiling may have one defect (like

a knot hole) that can be cut by wasting 2^ inches of the length of the

piece, providing both pieces are 16 inches or over in length after cutting

out such defects.

No. 2 Common Ceiling.

No. 2 Common Ceiling admits of all pieces not as good as No. 1

Common that can be used without waste of more than one-fourth the

length of any one piece.

Pieces of Ceiling having not less than ^ inch tongue, will be admitted

in No. 2 Common.

Partition.

Grades "A," "B," No. 1 Common and No. 2 Common. Partition

shall be graded according to Ceiling rules and must meet the requirements

of the specified grades on the face side only, but the reverse side shall

not be more than one grade lower, and shall not cause waste in No. 1

Common and Better.

CLASSIFICATION OF THE USES OF LUMBER.

1. Dridge and Construction Timber.

A. Combination and Howe
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11.
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7. Planking.

8. Railing.

9. Steps.

10. Skids.

C. Stock Guards.

1. Posts.

2. Ties.

3. Wing fences and aprons.

4. Slats.

5. Fillers.

D. Signs and Posts.

1. Posts.

2. Bracing.

3. Sign boards.

4. Moulding.

E. Fencing, Including Snow
Fence.

1. Posts.

2. Bracing.

3. Stringers.

4. Fence boards.

5. Gate material.

Respectfully

Committee ox

6. Stakes.

F. Culverts and Drains.

1. Sills.

2. Bracing.

3. Timbers.

4. Planking.

5. Grillage.

G. Stock Pens.

1. Posts.

2. Sills.

3. Fencing.

4. Studding.

5. Sheathing.

6. Rafters.

7. Roof boards.

8. Shingles.

9. Outside finish lumber.

H. Poles.

I. Conduits.

J. Bumping Blocks.

K. Cross-arms,

submitted.

Wooden Bridges .\nd Trestles.





REPORT OF COMMITTEE XIII—ON WATER SERVICE.

A. F. DoRLEY, Chairman; J. L. Cawpbel^, Vice-Chairman

;

J. T. Andrews, C. R. Knowles,

R. C. Bardwell, E. G. Lane,

J. M. Brown, E. H. Olson,

C. BucHOLTZ,. W. A. Parker,

E. M'. Grime, H. N. Rodenbaugh,

W. C. Harvey, R. W. Willis,

Committee.

To the American Raikvay Engineering Association:

Your Committee on Water Service presents below its report to the

Twentieth Annual Convention.

The Committee was instructed by the Board of Direction to make

a study and report during the year on the following subjects:

(1) Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

(2) Study regulations of Federal or State authorities relating to

supply of drinking water on trains and premises of railroads.

(3) Make final report on design of impounding reservoirs and con-

ditions under which they are economical.

(4) Report iipon plans and specifications for typical water station

layouts.

(5) Report on suitable type of water meters for use in railroad

water service, methods followed in testing and reading meters, and
checking consumption of city water.

(6) Study of locomotive flue failures which may be due to improper
water conditions and report upon methods of treatment to correct such

conditions.

(7) Continue the study of preparation of questions and answers for

the examination of men responsible for the care and operation of pumping
stations.

COMMITTEE MEETINGS.

In addition to the various meetings of the Sub-Committees, three

meetings of the General Committee were held in the office of the Asso-

ciation at Chicago.

SUB-COMMITTEES.

The following Sub-Committees were appointed to make the necessary

investigations and prepare reports on the several subjects assigned, the

number of the Sub-Committee in each case being the same as the number

of the subject in its charge:

Subject (1) J. L. Campbell, Chairman; E. H. Olson.

Subject (2) R. C. Bardwell.

Subject (3) E. H. Olson, Chairman; J. M. Brown, E. M. Grime,

C. R. Knowles, R. W. Willis.

Subject (4) C. R. Knowles, Chairman; J. T. Andrews, W. A. Parker,

J. M'. Brown.
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Subject (5) C. R. Knowles, Chairman; R. C. Rardwell, E. M. Grime,

C. Bucholt7..

Subject (6) R. C. Bardvvell, Chairman; C. R. Knowles. E. G. Lane.

Subject (7.) W. C. Harvey, Chairman; A. F. Dorley, H. N. Roden-

baugh.

(1) REVISION OF MANUAL.

Changes in the Manual under the heading of "Water Service" in the

1915 edition of the Manual are recommended in Appendix A.
''\

(2) STUDY REGULATIONS OF FEDERAL OR STATE AUTH-
ORITIES RELATING TO SUPPLY OF DRINKING WATER

ON TRAINS AND PREMISES OF RAILROADS.

A progress report on this subject appears in Appendix B.

(3) DESIGN OF IMPOUNDING RESERVOIRS AND CONDITIONS
UNDER WHICH THEY ARE ECONOMICAL.

This report is submitted as information only, and the Committee rec-

ommends that it be referred back for purposes of revision and enlarge-

ment with inclusion of considerable data on hand which must first be

further studied before final presentation.

(4) PLANS AND SPECIFICATIONS FOR TYPICAL WATER
STATION LAYOUTS.

Study of this subject was deferred.

(5) SUITABLE TYPES OF METERS FOR USE IN RAILROAD
.
WATER SERVICE, METHODS FOLLOWED IN TESTING

AND READING METERS, AND CHECKING THE
CONSUMPTION OF CITY WATER.

' A report on this subject appears in Appendix D and is submitted as

information.

(6) LOCOMOTIVE FLUE FAILURES WHICH MAY BE DUE TO
IMPROPER WATER CONDITIONS AND METHODS .OF

TREATMENT TO CORRECT SUCH CONDITIONS.

A report on this subject appears in Appendix E and is submitted as

information.

(7) RULES AND EXAMINATION QUESTIONS FOR CARE OF
PUMPING STATIONS.

A fiiTal report on this subject is submitted in Appendix F for adoption

and publication in the Manual.
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CONCLUSIONS.

Your Committee requests the following action on its report

:

1. That the changes in subject-matter on Water Service under the

heading "Revision of the Manual," be adopted and substituted for matter

now given in the Manual.

2. That the report on progress of regulations with reference to

purity of drinking water furnished on trains and premises of railroads

be received as information.

3. That the final report on impounding reservoirs be received as

information.

4. That the matter of plans and specifications for typical water

station layouts be given more definite title.

5. That the report on meters be received as information.

6. That the report on locomotive flue failures and methods of correct-

ing water conditions be received as information.

7. That the report on rules and examination questions for care of

pumping stations be adopted by the Association and inserted in the

Manual.

SUGGESTED SUBJECTS FOR NEXT YEAR'S STUDY AND
REPORT.

1. Report on suitable methods for chemical storage at water soften-

ing plants.

2. Report on progress of regulations and methods for supplying

pure water for drinking purposes on trains and premises of railroads.

3. Study of economies to be derived from impounding reservoirL..

4. Report on methods of supplying drinking water to passenger

cq lipment with smallest possible opportunities for contamination.

Respectfully submitted.

Committee on Water Service.



Appendix A,

(1) REVISION OF MANUAL.

J. L. Campbell, Chairman, Sub-Committee.

Pages 450 and 451.

Manual.— (As revised in 1918, shown on page 76, Bulletin 207.)

Foaming of treated water is caused by the presence of sodium salts

resulting from treatment to eliminate incrusting sulphates and by the

presence of alkali salts and matter in suspension in the water.

Concentratio|i of foaming salts in locomotive boilers reaches the

critical point between 100 and 200 grains per gallon, depending upon the

character of the foaming salts and the amount of suspended matter in

the water. To prevent foaming the concentration must be kept below that

point.

The grains per gallon of foaming matter in solution represent the

minimum percentage of water which must be wasted from locomotive

boilers to keep the concentration at the critical point.

The cost of so maintaining the concentration equals the cost of pump-

ing, treating, and heating to the temperature of boiling water not less

than 700 gallons of water for each pound of foaming matter per thousand

gallons of water.

The best results are obtained by a frequent systematic blowing off

of boiler while the locomotive is running and occasional complete blowing

down and washing the boiler at terminals.

When unavoidable concentration of foaming salts is so great that the

required amount of blowing off is impracticable or uneconomical, it is

necessary to use Snti-foaming compounds.

Suggested Revision:

Foaming and Priming.

"Foaming" is the term applied to the action of a boiler when the

steam bubbles up over the surface of the water to such extent that the

steam space and dome are filled, and syphoning action is started which

causes water to be carried over with the steam into the engine cylinders.

Under these conditions steam loses much of its expansion properties and

the effective operation of the locomotive is thereby materially impaired.

This action is due primarily to the presence of suspended matter in

the water. The suspended matter gives a mechanical strength or tenacity

to the liquid in the thin films over the steam bubbles, which, rising to the

surface, retain their films and collect to produce foam. It is aggravated

by the concentration of alkali salts present in the natural waters or added

by the process of water softening, which increases the viscosity of the

surface films.

The concentration of foaming salts reaches a critical point between

100 and 200 grains per gallon, depending upon the character of the alkali

salts and the amount of suspended matter in the water. To prevent
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foaming the concentration must be kept below this point. The best results

are obtained by the systematic and freiquent blowing off of the boilers, and

occasional complete blowing down and washing lx)ilers at terminals. The
cost of maintaining the concentration below the critical point equals the

cost of pumping, treating, and heating to boiler temperature the amount

of water necessary to be blown out.

When the unavoidable concentration of foaming salts is so great that

the required amount of blowing off is impractical or uneconomical, anti-

foaming compounds can be used with good results.

"Priming" is the sudden evolution of steam from a heating surface

which throws water in sudden, large volumes up into steam space, and is

due either to poor design of the boiler and to its being worked beyond

capacity, or to the sudden opening of the throttle. While the effect upon

the locomotive is temporarily the same, priming is different from foaming

and can be mechanically controlled to large extent by proper handling of

the engine.



Appendix B.

STUDY REGULATIONS OF FEDERAL OR STATE AUTHORITIES
RELATING TO SUPLY OF DRINKING WATER ON

TRAINS AND PREMISES OF RAILROADS.

R. C. Bardwell, Chairman, Sub-Committee.

The development of more standard procedure in the supervision and

progress of the regulations in regard to drinking water for use on rail-

road trains has been held largely in abeyance during the past year, the

general form for certifying the limits of permissible contamination in

previous use having been continued as a matter of routine.

The exceedingly heavy call on the country for medically trained men

and experienced sanitary engineers for service with the military forces,

while not exactly denuding the country, has left but the mere skeleton

of the former progressive and effective force, whose time has clearly

been taken by actual duties of maintaining the general health with but

little or no prospects for constructive investigation along lines of lessening

and removing the fundamental sources of trouble.

The laboratory cars of the Public Health Department have been used

for military and Red Cross purposes and the remarkable general results

in the improved physical condition and tbe high health rate of our Army

and Navy appears to have warranted the use of all of the facilities at

hand.

The meeting of Health Authorities for standardization of water

inspections was postponed in the press of the more serious activities.

With the coming of peace and the return to industrial pursuit of our

Army, the efforts and facilities of the Public Health Department will

undoubtedly again be directed toward the promotion and improvement of

conditions for the general public health, and if it is the pleasure of the

Association, your Committee will be pleased to note and report any future

suggestions or developments m this activity which pertains to Railroad

Water Supply.
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DESIGN OF IMPOUNDING RESERVOIRS AND CONDITIONS
UNDER WHICH THEY ARE ECONOMICAL.

E. H. Olson*, Chairman, Sub-Committee.

Reservoirs used for supplying water for railroad purposes generallj-

only require comparativeh' small drainage areas and obviously stream flow

observation are very limited and probably in the majority of cases en-

tirely lacking, consequently the application of some method based on

other obtainable physical data is highly desirable ; but this should be

supplemented by at least some short term stream flow records.

Conditions of Economy.

Generally impounding water supply reservoirs are economical and

justified at such points or places where the cost of the water so furnished

does not exceed that of any other usable and equally dependable supply.

Impounding Reservoirs.

These are the chief source of water supply in localities where the

surface streams have intermittent flow, where the water in surface streams

is too bad for treatment, where the sub-surface supply is insufficient or

untreatable, and where there is sufficient rainfall to produce an adequate

surface run-ofJ.

The classes of impounding reservoirs referred to in this article

relate to those situated in draws or small valleys supplied by surface

run-off only and having comparatively small drainage areas, and where

the watershed contains no bodies of water other than the reservoir.

Location or Site.

If possible a site should be chosen for the reservoir which is higher

than the point at which the water is to be delivered, thereby securing the

much-desired gravity pipe line. The gravity feature of a reservoir is

worth the capitalized value of pumping which can either be put in pipe

line or reservoir.

In general no site should be selected which has a drainage area of

less than 2.50 square miles, with a deep and steep storage basin per-

mitting a water depth pf at least 25 feet. However, local conditions may
vary this. The ratio between the land area of watershed and the high

water contour in proposed reservoir should be not less than 35, prefer-

ably not less than 40. The surface character of the watershed should

be such that a maximum surface run-off is secured. This condition in

general calls for a drainage area of rather steep slopes of impervious

material and non-cultivated surface and of principally short grass vege-

tation, thereby reducing silt to a minimum. Matters of watershed juris-

diction, possible water pollution and water diversion should be carefully

considered, as well as favorable dam and spillway sites.
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The capitalized value of the cost of furnishing water should be

ascertained both for present consumption and twice and three times

present suppl}', being sure to take all cost items into consideration, the

following being suggested items, viz

:

Cost of present plant and equipment.

Cost of future additions.

Interest on cost.

Renewals.

Maintenance.

Operation (iricludes treatment).

Cost of water when purchased.

Economical benefits from improved quality.

Knowing the actual total present cost of water and having estimated

the cost of double and three times the present consumption, we will then

have figures serving as guides in determining the approximate limiting

permissible expense that might be profitably invested in an impounding

reservoir.

Approximate estimates should now be prepared and if the project is

found to be feasible, more detailed study should be made of all con-

tributary factors in somewhat the following order

:

Water Requirements.

The maximum present and near future demands should be known.

The history of the increase in traffic on the particular line on which

the water station is to be located should be known. If traffic history is

not available, it is reasonably legitimate practice to design the reservoir

for at least twice the immediate or near future demands for intermed-

iate main line stations and at least three times for terminals.

On some main lines the terminals or division points double their

water requirements about every ten years, while at intermediate points

this occurs every 20 to 25 years.

No reservoir (even on branch lines) should be constructed that is

not capable of supplying at least twice the present or near future

demands.

Drainage Area.

The size and character of the drainage area will necessarily be

largely governed by the local topography and precipitation. The surface

should be of non-porous soil and steep slopes, as previously mentioned,

thereby securing a high rate surface run-off. The watershed should

include no closely inhabited area.

The sub-surface run-off is neglected in this discussion as far as it

pertains to the furnishing of a water supply to the reservoir. Excessive

drainage area should be avoided as this is conducive to lack of control or

jurisdiction, thereby increasing liability to pollution; also an excessive

watershed may entail a large and costly spillway.

The size of the drainage area should be carefullv ascertained.
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The elevation of the water table should be determined at several

places, including a point near the dam site.

Reservoir or Storage Basin.

The site should be as close as possible to the point of consumption.

Its shape should be such that a minimum water surface is exposed to

evaporation. It would be desirable to have it surrounded with timber

to break up the winds and throw a maximum amount of shade on the

water surface.

The reservoir should be carefully examined as to the impervious

character and dip of the strata of material that constitutes its bed and

banks, having in mind the securing of as nearly as possible a water-tight

storage basin. Its shape should be deep and contracted with steep

banks and flat bottom, generally the minimum water depth should be

three times the water evaporation plus the seepage, but in no event less

than 25 feet. This gives a little leeway for silting. The following factors

necessarily need modification in studying site, elevation. cxposur'\ tem-

perature, wind, humidity, character of precipitation, size, shape, nature

of material, dip, elevation of water table and capacity.

Location.—Has reference to both the physical and geographical situation.

Elevation.—Has reference to its height above the sea and relative height

of surrounding country, and also is a factor in evaporation.

Exposure.—Has reference to its protection from' the elements, but prin-

cipally from the prevailing winds and wave action.

Temperature.—The most important element causing water evaporation.

Wind.—This is causative of evaporation and wave action.

Humidity.—This is a factor in evaporation.

Character of Precipitation.—This refers to the manner in which the rain

falls, viz : whether the prevailing rains are light or heavy.

Sise.—This depends on the local topography and whether large storage is

desired.

Shape.—The ability to furnish a continuous supply depends very largely

on the shape, because if its banks are fiat the water surface will

obviously be large, requiring heavy water supply to raise the surface

elevation and at the same time it will be subjected to maximum
evaporation and possibly heavy seepage, these two items affecting the

water level in a vertical direction regardless of the exposed surface.

Nature of Material.—The success of the project may depend entirely on

- this, for if porous the seepage may be excessive.

Dip.—If there is a pronounced dip it may be indicative of faults, and if

of pervious material it may make sealing difficult and be causative of

heavy seepage.

Water Table.—A low water table may be responsible for considerable

seepage, while a high water table may prevent seepage almost en-

tirely.
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Capacity.—There should be sufficient capacity to maintain the supply

throughout the longest and driest season.

Basic Data.

Stream Gaging.

One of the first things to do is to establish a relation between rainfall

and surface run-ofif to serve as a check on the computations. Some

method of gaging the discharge from the particular drainage area should

be maintained during at least several successive rains. A weir may be

built, a current meter used or gage boards placed at appropriate places.

Sufficient data sH|3uld be taken so that the amount of water discharged

may be somewhat accurately known. This gaging should be in the

vicinity of the proposed dam location. A rain gage should also be placed

in the same vicinity so that the same party could take all readings. Dur-

ing rapid fluctuations it might be desirable to take readings every 15

minutes, otherwise probably every hour, while under nearly steady flow

a few times in 24 hours may be sufficient. These observations could be

carried on at the same time that data for a contour map was being

secured for the reservoir and soundings taken at the dam and spillway

sites. This work will generally take at least one month, and possibly

several, during which time seN'eral rains may occur.

Data From Weather Stations.

Get the average and the annual rainfalls from the oldest weather

station in the district. Examine for occurrences of two successive or

single drought years and whether they were preceded by one or two or

more years of average rainfall, then do likewise for several of the nearest

surrounding weather stations. (See Table IV and Plate A and note

close relationship between the annual rainfall at the three weather sta-

tions.) Then compare the monthly rainfalls at the same stations for the

prospective period to be studied. (See Tables I, II and III.) Now
select from the data collected two successive years having average rain-

fall and succeeded by one or two drought years and if there is reason-

able agreement between the several stations get the daily rainfall records

from the one nearest to the watershed and most likely to be in the path

of the rainstorms reaching the drainage area for the two average years

and the drought period. It is generally a good plan to go back one extra

year and to include the year succeeding the drought period. (See Tables I,

II and III.)

The average annual and monthly temperature and wind velocity should

be secured at the same time that the rainfall records are obtained. An
average annual figure for the humidity is probably sufficient, as generally

it is of minor importance and whose value fluctuates but little. (See

Tables V, VI and VII.)
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Governing Factors.

Before using the data already collected, the fulluwing major factor-

should be analjzed and suitable figures ascertained which might be ap-

plicable in the case to be investigated, viz.

:

Precipitation.

Land Evaporation.

Transpiration.

Interception.

Surface flow
Run-ofT ^ c u r abub-surface riow.

Water Evaporation from Reservoir.

Seepage from Reservoir.

Precipitation.

The two principal sources of moisture are rain and snow, their rela-

tive importance depending on geographic locality. The water equivalent

of snow is determined by the conventional ratio of ten volumes of snow

to one volume of water.

There should be a sufficient amotmt of rain or snow and the inten-

sity and frequency should be such as to produce a considerable surface

run-ofif.

For the class of watershed under discussion a rain or snowstorm

usually covers the entire area.

In an investigation of this kind we are principally concerned with

years having normal and less than normal rainfall, excepting for pur-

poses in determining the size of the spillway when the maximum precipi-

tation governs.

The following list indicates where >ome long-time weather records

are available

:

New Bedford, Massachusett'^ 102 year-

Boston, Massachusetts 98 years

Providence, Rhode Island 84 years

Marietta, Ohio 94 j'ears

Portsmouth, Ohio 83 years

Cincinnati, Ohio 81 years

Washington, District of Columbia 64 years

Savannah, Georgia 64 years

New Orleans, Louisiana 68 years

St. Louis, Missouri 79 years

St. Paul, Minnesota 79 years

Havre, Montana 36 years

Salt Lake City, Utah 41 years

El Paso, Texas 37 years

San Diego, California 66 year?

San Francisco, California 66 years

Astoria, Oregon 62 years





Table I.

—

Daily and Monthly Rainfall

FOR Year 1916.

(In Inches.)

AT Pawhuska^ Oklahoma^

Days.
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Tablf III.

—

Daily and Monthly Rainfall at Guthrie, Oklahoma,

FOR Year- 1916.

(In Inches.)

Days.
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Table V.

—

Monthly Temperature for Ye-^r 1916 at Guthrie, Still-

water, Pawhuska and Lawton, Oklahoma.

STATIONS
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Transpiration.

This is a process of vaporization of water from the breathing pores

of leaves and other vegetable surfaces. Transpiration is practically lim-

ited to daylight hours and to the growing season. The amount of water

used by plants during the growing season depends mainly on the quantity

available within reach of the root system.

The moisture in the soil may for practical purposes be divided into

two portions, namely, "gravity water" and "capillary water." The former

is that portion which will be drawn down into the lower layers of the

soil by gravity (some of which may reappear elsewhere as seepage water)

and the latter is that portion which is held in place in the soil by capillary

attraction, generally at an elevation of several feet above the water table.

Of the capillary water nearly one-half is available for plant growth

and the remainder will readily evaporate.

In estimating the .transpiration loss from a watershed the exact

character of the vegetation is not as important a factor as it might first

appear except for lands in arid and semi-arid regions. Nearly all water-

sheds have mixed vegetation and consequently does not vary between

considerable limits.
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For tentative purposes 6 to 10 inches may be used for entire area for

the season. The values of monthly distribution of the total seasonal

transpiration is determined mainly by the monthly mean air temperature.

These monthly values may have to be modified for deficient or excessive

precipitation and ground water supply in the soil occupied by the root

system to ascertain the probable monthly transpiration, under the given

conditions. Slope has no marked effect on transpiration.

See Plate "B" for typical transpiration curve.
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Interception.

During the summer a considerable portion of the rainfall is inter-

cepted by trees, shrubs and other vegetation and re-evaporated without

ever reaching the ground, hence interception is at a maximum when the

vegetation is most luxurious.

In winter evergreen trees intercept large quantities of snow. Ac-

cording to observations, the annual amount intercepted varies from 15

to 40 per cent, of the yearly rainfall. It is approximately constant for

each shower.

This loss is generally included in the land evaporation loss.
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Percolation.

Percolation is favored by slow and steady rains, pervious soil and fiat

slopes. All forms of vegetation reduce percolation by absorbing a large

amount of the capillary water, w^hich would otherwise be held over from

one rain to the next, and would permit most of the rainfall, absorbed by

the surface soil, to. percolate down to the water table instead of first

replenishing the water used by the plants. The rate of percolation is

largely affected by the initial condition of the soil, that is, w-hether moist

or dry and if tilled.
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For low capillary lifts, sandy soil will supply much more water at

the surface of the ground for evaporation and transpiration than clay

soils. On the other hand, clayey soils will supply moisture at the surface,

even when the water table has dropped far out of reach in sandy soils.

Hence the depth of the water table is an important factor in determining

the evaporation opportunity.
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Run-Off.

This is the name applied to that part of the precipitation which is car-

ried off (from the land upon which it fell), ultimateh' to the ocean largely

through surface channels.

It is in reality the residual precipitation after interception, land

evaporation, transpiration and seepage losses have been deducted. In

round numbers, 15 to 25 inches generally represents the annual losses,

due to interception, land evaporation, transpiration and seepage. Gener-

ally anything less than ^-inch rainfall will produce no run-off. Broadly

speaking, run-off consists of surface and sub-surface flow. (See Tables

VIII to XIV.)
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Table VIII.

—

Monthly Rainfall and Run-Off in Inches at Lecomp-
TON, Kansas, for Year 1904.

Kansas River.

Drainage Area, 58,550 Square Miles.
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Table XII.

—

Rainfall and Run-Off in Inches of Root River Near
Houston, Minn., for Years 1909 to 1911.

Drainage Area, •

—
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Surface Flow.

Heavy rates of precipitation cause large surface flow. The varying

quantities of surface run-oft' from dift'erent watersheds are principally due

to the jdifferent amounts of moisture necessary to saturate the ground, in-

terception and the perviousness of the drainage area. (See Table XI\'.)

Substantially all of the rain falling upon frozen, ice-covered ground

will run ofT into the water course and when carrying ice and snow with

it in sufficient quantities the surface flow may exceed the rainfall.

In spring and fall when the land evaporation and transpiration losses

are small all soils, as a rule, carry substantially the entire possible amount

of capillary water, between rains. Under stich conditions the capacity

of sand for gravity water is about four inches per vertical foot, while the

capacity of heavy clay is but a little more than one inch per vertical foot.

In consequence of which clay soils quickly become saturated and thereby

permit large surface flow.

Tilled land will facilitate ground absorption of the rainfall, thus re-

ducing the surface flow.

Surface flow resulting from moderate rains is retarded and to some

extent diminished by lakes, ponds or holes no matter how small they arc.

On the Mississippi River watershed (except possibly near the Gulf

of Mexico) and throughout the greater part of the United States, the

normal rainfall is insufficient to supply the needs of transpiration and

land evaporation at the prevailing temperatures ; consequently, a large

portion of any increased rainfall goes to supply unsatisfied needs of trans-

piration and land evaporation and hence a comparatively small portion

of the increased rainfall, within certain limits, appears as run-oflf.

Sub-surface or Seepage Flow.

The water contributed to streams as seepage flow consists of ground

water supplied by percolation. Not all the percolating water, however,

reaches, the streams
;
portions are lost through evaporation, transpiration

and a^. small varying amount to deep seepage. When the capillary water

has become wholly or partly depleted through evaporation and transpira-

tion, percolation must first replenish the capillary water before the soil

willpermit gravity to draw water down into the ground water reservoir

which supplies ^he seepage flow of streams.

Capillary water amounts to about half an inch in sand to three inches

in heavy claj'' per foot in depth.

Clay soils retard percolation and facilitates surface run-off.

Effect of Character of Precipitation.

-AVhea the rainfall is. insufficient to keep the ground continually moist,

wHch is usually the case, the character and rate of rainfall are the fac-

tors which most largely influence seepage flow. When there is no frost

in the ground, or the .ground was relatively dry when it froze, slowly

melting snow permits of the greatest percolation. On the whole, a greater
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proportion of snowfall than rainfall eventually percolates into the ground
.

to supply seepage flow.

Next to snowfall in elifectiveness in replenishing the ground water

supply are the slow, drizzling rains that occur over large portions of the

country during spring and fall, when both evaporation and transpiration

demands are relatively small.

The increase in seepage flow which will result from a given increase

in the ground water supply, through percolation, will depend upon the

slope of the ground water surface and the resistance of the subsoil to the

flow of water. Fine grained subsoil will maintain a steeper water table

than coarse grained material, due to the difference in resistance to flow.

Root River Watershed.

V 1912 1911 Average

Rainfall 28.6 37.5 33.1

Evaporation 13.0
j

1 15.1
j

1 14.(J J vivo

Surface Run-Off \.q / ^^ \ . ^ f
3.1 1 r 2.7 20%

Sub-surface Flow. . . . / '

\ 3.8 j ^'^ \ 2.2 J
^"^

\ 3.0

From the preceding figures

Transpiration is 32 per cent, of rainfall.

Land Evaporation, 48 per cent, of rainfall.

Run-off, 20 per cent, of rainfall.

In this instance the run-off is about equally divided between surface

flow and sub-surface flow.

«n. Feb- Mar. Apr-. Hojj iune Julpc A"j. Sep+.

RocK RtV'«T7 III.

Ot+. N»r. Dec.
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Water Evaporation.

Evaporation is the process by which water is changed from the

liquid to the gaseous state.

The rate of evaporation is influenced by the temperature of the water,

temperature of the air, wind, humidity and barometric pressure.

The rate of evaporation varies principally with the temperature of the

air and the water. In general the mean annual water temperature is

slightly higher than that of the air. The temperature of relatively shallow

bodies of water follows that of the air quite closely. The extent to which

the temperature of deeper bodies or lakes varies with that of the air de-

pends primarily upon their depth. Below depths of 15 or 20 feet the

temperatures are more uniform.

The effect of wind is to lower the relative humidity over and close

to the water surface; however, primarily it causes the removal of the

vapor which forms more readily over the water surface than it can dif-

fuse through the atmosphere above; the air next to the water surface

being nearly saturated vapor.

J. r. M. A. M. J. J A .5.

The relative humidity as determined some distance from tin- water

surface has generally but a slight influence on evaporation.

Barometric pressure is not an important factor in evaporation In

vcstigations show that evaporation varies inversely with the barometric

pressure. (See Plate C.)
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Seepage in Reservoir.

This is dependent upon the character and the dip of the strata of

material that constitute its bed and banks and on the elevation of the

water-table. In regions where the water-table slopes towards the reser-

voir and is close to the surface, some of the percolating water flows into

the reservoir as seepage when the water surface is lowered. In other

regions where the water-table is at a considerable depth, as is generally the

case in arid and semi-arid localities, the ground seepage losses from the

reservoir might become a very important item. In such cases the charac-

ter of the bed and banks is far more important than the elevation of the

water-table.

The seepage losses usually range from 15 to 30 per cent, of the water

in the reservoir.

In some reservoirs seepage reduces with time on account of the rais-

ing of the water-table and the silting up of the porous bed and banks.

Sometimes it may be necessary to sluice clay into the reservoir to reduce

this seepage loss. According to some experiments it appears that the

seepage increases with the water depth.

Reservoir Seepage.

Dallas Reservoir, California, water depth less than 12 ft.

During May, 1910, vertical ft. of seepage' was 1.14 ft.

Dear Flat Reservoir, Idaho.

1909. 1910. 1911. Average.

Per Cent. Per Cent. Per Cent. Per Cent.

Evaporation 6 14 9 10

Seepage 86 62 61 70

These are extreme cases.

Clear Lake Reservoir, California.

1910. 1911. Average.

Per Cent. Per Cent. Per Cent.

Evaporation 57 39 48

Seepage 34 11 22J^

Cold Springs Reservoir, Oregon.

1908. 1909. 1910. 1911. Average.

Per Cent. Per Cent. Per Cent. Per Cent. Per Cent.

Evaporation 12 10 9 9 10

Seepage 22 9 17 15 16
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Conclusion.

Better results will be obtained if the various factors entering into

this subject are studied separately; more accurate judgment can then be

made of the variable individual factors than when these variable factors

are grouped.

Run-Off.

In general this is the most sought factor ; most methods used for de-

termining the same can be classed into three general groups, viz.

:

I. The formula group.

II. The percentage of rainfall group.

III. Rainfall minus losses group.

Of Group I, Joel D. Justin's formula for run-off is a good example.

R^
C= 0.93450155

—

T
When C = annual run-off in inches from watershed.

R = annual rainfall in inches on watershed.

{Elevation of highest minus eleva-

tion of lowest point divided by

square root of drainage area.

T = mean annual temperature.

This formula can also be written as C^^KR"; when "K" is a con-

stant for each drainage area.

George W. Cooley's formula for watershed without lakes

:

F = 0^844 L R C.

F = flow in cubic feet per second.

R =: precipitation in feet.

L = land surface of drainage area in square miles.

C= co-efficient of available rainfall.

Of Group II, F. Merritt's method is illustrative

:

Rainfall. Per Cent. Run-Off

0.5 in. to 0.5 in. None

0.5 in. to 0.65 in. 2 per cent.

0.65 in. to 0.80 in. 5 per cent.

0.80 in. to 1.00 in. 10 per cent.

1.00 in. to 1.50 in, 15 per cent.

1.50 in. to 2.00 in. 18 in.

2.00 in. to 2.50 in. 22 per cent.

2.50 in. to 3.50 in. 30 per cent.
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Group III. In C. C. Vermenle's formula, the various factors entering

Into rainfall losses are recognized.

F =: R-E.

F = Run-off.

R = Rainfall.

E= Evaporation, which includes transpiration and other losses, and

his general formula for "E" he suggests

E= (15.50 + 0.16R) (0.05 T—1.48).

Rainfall-Io^s method is :

Run-ofif= rainfall minus all losses, all losses being included in the

evaporation and transpiration.

This method has been used in England and is also highly spoken of

by some authorities in this country.

Determining annual run-off by various methods applied to Tohickon

Creek, Pa., we get

23.5 Inches by Formula method C= KR=' K = 0.0115.

25.2 Inches by Rainfall-loss method.

26.1 Inches by Observation.

Hence when the factors entering into this topic and their relationship

is understood, the solution is not entirely one depending on method, but a

clear conception and judgment in the application of the method used.

The rainfall-loss method is the most scientific and has wide elasticity

in its application to the varying conditions met in practice.



Appendix D.

SUITABLE TYPES OE WATER METERS EOR USE JN RAILWAY
WATER SERVICE, METHODS FOLLOWED IN TESTING

AND READING METERS, AND CHECKING THE
CONSUMPTION OF CITY WATER.

C. R. Knowles, Chairman, Sul)-Committce.

Introduction.

When any article is purchased by weight, or measure, the quantity

deHvered should be checked to determine whether full value has been

received. This is true of water as well as any other commodity, and the

water meter is the medium through which the quantity of water delivered

is measured and payment is made upon the meter registration.

Unfortunately we have fallen into, or inherited, the habit of looking

upon water as a thing of little value. As a result the importance of check-

ing meter readings is not always realized and the figures submitted by the

City meter reader often accepted withmit question as to tlicir accuracy,

neither do we know the condition of the meter in all cases.

It is safe to say that no other commodity is purchased with as little

regard for the medium through which the quantity is determined as water.

Yet it is of as much importance to know that the water meter is registering

accurately as it is to know that any other measuring device is correct.

Frequently the checking of meter reading is left to the Agent, or other

employe, who may, or may not know, how to read the meter and is perhaps

dependent on the meter reader to tell him what the reading is. It is true

that the error in registration of water meters is more often in the con-

sumers' favor than otherwise, but in the majority of cases the City water

works manager has made due allowance for this percentage of error and

has based rates accordingly. Therefore, it is just as essential to keep a

check upon the water meter readings as it is on the gas or electric meter,

or the scales weighing the coal purchased.

Gr;NERAL.

There have been many proposed devices for measuring water, and

about everything has been tried that the imagination of man can conceive.

Some devices measure water by volume, that is to say, a chamber of a

given size is filled and emptied continually, and the nunil)er of times it is

filled and emptied.

A second class of meters is that known as "current" meters. These

meters measure water by recording the velocity of the fluid as it flows

through a passage of a definite size, this velocity indicated by a recording-

device.

A third class of meters is that known as "proportional" meters. These

meters measure a definite portion of the main stream by passing it tlirougb

303
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a measuring device, and by thus measnring a percentage of the total How,

tlie whole is known and recorded on the counter.

Each of tliese various classes of meters has advantages peculiar to

itself, and no one class will meet the requirements of all kinds of service;

therefore, they are each used largely for those conditions of service for

which they are found to be the best adapted.

The displacement type of meters may be divided into several classes.

In one class the displacing member is a reciprocating piston, while in

another the piston has a continuous or rotary motion ; in another the piston

has a motion of c^scillation, and in another class the displacing member is

a disc and has a motion called one of nutation.

Historical.

The first attempt of metering water may be credited to Se.xtus Julius

Frontinus, who was water commissioner of the City of Rome, A. D. 97,

who (according to Clemens Herschel "'Frontinus and the Water Supply of

Rome") measured the water furnished the citizens of Rome by means of a

circular ajutage about nine inches long and of a designated diameter, each

ajutage being approved and stamped by the public authority. It appears

that the Romans did not develop the water meter beyond a piece of pipe

with a fixed opening, and upon the decay and fall of their empire the

method of measuring water was forgotten. Many devices for measuring

water were used from time to time, but it was not until the early sixties

that the water meter was in general use in this country.

The earlier part of the Nineteenth Century marks the beginning of

water works construction on an extensive scale, and while a number of

patents were issued covering various types of fluid meters, it is evident

from the specifications sulimitted to the Patent Office that the patentees

had intended tlieir machines for measurement of fluids other than water,

and that the earlier efforts to perfect devices for the measurement of

water occurred about 1850.

The meters of this period, however, were not popular, as they were

neither reliable or efficient, their construction being such that they caused

considerable loss of head which was a serious matter especially on the

low pressure lines which prevailed at that time. The stoppage of meters

were frequent and invariably stoppage also meant breakage. Public

opinion also was against the meter, as the public was generally satisfied

with the sale of water on a flat rate basis. Thus, through opposition to

meters and their general inefficiency they made but little progress for the

first 15 or 20 years.

The earlier meters were small in size, and they were not used gen-

erally on railroads until within the past 15 or 20 years ; even at the present

time there are many "flat rates" in effect on railroads, but the flat rate

is rapidly becoming a thing of the past and within a short time all water

purchased will be metered, as it is obvious that the only fair basis upon

which water may be purcliased or sold is by meter. The water meter
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has become a very essential feature in railway water supply, as considerable

portion of all the water used is purchased through water meters and it is

important that the type of meter and its operation be given careful

consideration.

The first patent of record on a water meter was issued to W. Sewell,

Jr., Williamsburg, N. Y., February 5, 1850, on what would now be con-

sidered a very crude meter of the Current Type.

Duplex Piston Meters.

The first meter of the duplex piston type was invented liy J. Ericsson,

of New York City, Jaiuiary 1. 1851, in connection with which he claimed

as novel the "connecting of two pistons with two cranks of a crank shaft,

so that at the end of each stroke of either of the pistons, it will remain

at rest, while the crank shaft is being impelled by the other piston, so that

the valves may be shifted whilst the piston is at rest." This type of meter

was very much improved and simplified by Henry R. Worthington, to

whom a patent was granted July 24, 1855, and from a commercial stand-

point, the Worthington Duplex Piston meter may be said to be the first

meter used successfully in this country, and it enjoyed popularity until

the advent of the lighter and less expensive machines of the rotary and

disc piston types.

Proportional Meters.

The fundamental principle relating to the operation of this type of

meter was covered by letters patent to Frank G. Johnson, Brooklyn, N.

Y., November 3, 1863, who stated in his application that: "The invention

consists in measuring the virater passing through a larger pipe by passing a

relatively proportionate amount through a small tube, the water in the

latter passing through, and that in the former, around the meter." Many

patents have been issued covering constructive details in this type of meter,

and it has claimed assiduous attention of the most prominent meter

engineers, but they have thus far not succeeded in designing an efficient

meter except where the measured quantity constitutes a relatively large

proportion of the entire flow to be measured.

Current Meters.

This is undoubtedly the earliest type of meter, and with the many

changes and improvements \vhich have been made since the "Sewell"

patent in 1850, this type has gained favor immensely, and is now the most

popular type and the most universally used in the larger sizes, where

service conditions are severe, and such in respect to the volume discharged,

and where it is not essential to record very small flows. The efficiency of

this type of meter, in recent years, has been very greatly increased by the

balancing of the piston, to prevent end thrust, and since these changes have

been made largely since 1890, it may be of interest to know that importance

was attached to this feature many years ago, as evidenced in the claims

made by Albion M. Rouse, of St. Louis, Mo., to whom a patent was

granted July 8, 1873. The principal claim under such patent follows : "A
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right-hand and left-hand propeller are arranged on the same shaft." "In

the induction opening is a fixed deflector to throw eqnal qua itities of

water to each propeller.''

Double Rotary Piston Meters.

This was the earliest form of rotary piston meters, best exemplified

by the '"Union Rotary," and its introduction as a popular machine followed

that of the VVorthington Duplex. The measuring element consisted of

two segmental pistons, geared to intermesh with each other, which, by

their contact with the measuring chamber and each other, divided the

measuring chambei- into compartments, which were successfully filled and

emptied. While tlie ''Union Rotary" was manufactured under a patent

issued to Benaiah Fitts. June 13, 1876, the fundamental idea was covered

by a patent, issued to Walter Payton, Sewardstone Road, Victoria Park,

luigland, January 7, 1868.

Single Rotary Piston Meters.

The next important step in meter development ga\e us the single

piston rotary meter, the best examples of which are the "Crown" meter,

patented by Lewis M. Nash, January 21, 1879, and the "Hersey Rotary,"

although the radial piston lobes in this meter oscillate continuously within

their separate and respective measuring compartments. lu fact, the

inventor, James .V. Tilden, states in his specifications that ''The meter

can hardly be called a 'Rotary' meter because the piston does not rotate,"

while the so-called "Hersey Rotar_\-" is, therefore, not a "Rotary" meter

in a technical sense, its similarity in fnrni and appearance has been

responsible for such classification, commercially.

As compared with previous types, the rotary meters were equally, if

not more efficient, more compact, much more easily handled and repaired,

less expensive, and cost less to maintain, on account of which they dis-

placed the "Duplex Piston" and "Double Rotary Piston" meters to a very

great e.xtent, commercialh'.

Oscillating Piston Meters.

While a number of patents were granted years prior tin so-called

oscillating pistons, with auxiliary valves and more or less compIii:ated

mechanism, the oscillating piston meter, in which the piston acts as its

own valve (best exemplified by the "Empire" and the "Victor"), was

originally patented by Lewis H. Nash, June 17, 1884. The piston in this

type of meter functions precisely the same as in the "rotary type," it

accomplishes measurement by displacement; the piston being actuated by

the water which it measures, acts as its own \alve in controlling the flow

of water to and from the measuring compartments, nr si)aces.

Disc Piston Meters.

There has been nuich c<inlro\ersy concerning the credit for the inven-

tion of this, at jiresent, most popular and most universally used type ol

water meter, es]ieci:dly for small ser\-ices. As far as our own patent
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office records are concerned, b(jtli as to priority or application and

issuance, the credit belongs jointly to John Thomson and Frank Lambert

—the latter's interest assigned to Mr. Thomas—who filed their applica-

tion July 16, 1887, and obtained patent December 20, 1887. That they fully

realized the imp(jrtance of their invention, and the great future possi-

liilities in the development of the disc piston type, is clearly shown in that

part of their specifications reading as follows:

"Our invention consists in the adaptation of the oscillating action of

a disk to the purpose of positk'cly measuring water or other Huids. and

second, in such details of construction generally as to produce a meter

complete, which shall be of minimum size— requirin;- the least material,

and involving the lowest price to construct, and yet, at the same time,

maintaining the elements which shall offer the highest efficiency in points

of being practically frictionless. noiseless in operation, accurate, durable

and convenient to manipulate and inspect."

On October 23, 188'), James iJavies, Wednesbury County of Stafford.

England, obtained an English patent covering the disc action, and while

it is understood that he at first intended it to be used in the construction

of a motor, or engine, he filed application covering its use in meter con-

struction, .\ugust 3, 1887, seventeen days after the date of the Thomson-

Lamliert filing, and obtained a jiatent June ?. 1888, or nearly si.\ months

after that granted Messrs. Thomson and Laml)ert, and from a technical

standpoint there was a difference in the claims presented, as Mr. Davies

specifically stated that his invention consisted chiefly "in an oscillating

disc, provided with a central ball having a recess in its underside, in

coml)ination with a bearing pin which enters such recess,"' whereas the

control of the piston movement in the Thomson-Lambert design was

accomplished in an altogether different manner.

Flow Meters.

This type (^f meter is cliiefly ciiaracterized by the entire absence of

mechanical factors as far as actual measurement is concerned. The

velocity of flow, transposed to the ordinary commercial volumetric units,

is recorded by mechanical means, the actuating medium being a fluid

jiressure column which varies with the velocity of flow. The hydraulic

principles involved in their construction were discovered by Henri Pitot,

a noted French physicist, about 176.^. and G. Venturi, an Italian physicist,

about 1797. A. D. These meters are used to quite an e.xtent. usually in

connection with primary mains of very large capacity, and are undoubtedly

best exemplified in the "\^enturi," under patents issued to Clemens

FTerscliel, April 17, 1888, and the "Simple.^."

Compound Meters.

.\s the name would indicate, this type is distinguished by tiie com-

pounding <jf a small measuring unit of the disc "'piston type." and a large

unit of the "current type," the operation of each being controlled by an

automatic valve, thus producing a machine which is very sensitive to small

flows and also providing accurate registration at heavy rates of discharge.
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It may be of interest to state that the fundamental idea did not originate

with Mr. Dilts, as small meters had previously been installed on by-passes

around large meters in connection with back pressure valves, and that as

far back as January 14, 1862, a patent was issued to Henry Isham. a

description of which is given as follows

:

"The invention consists in combining two or more meters by a com-

pound valve, operated by the force of the current or water, so that the

water to be discharged shall be directed to and made to pass through that

meter which bears the nearest relation in capacity to the size of the stream

of water discharged."

General.

Since the establishment of the United States Patent Ofifice in 1790,

nearly 700 patents have been issued on water meters, of which over 500

have been issued since 1873. They cover an almost inconceivable range

in mechanical motion, detail and design and attest the fact that the meters

of the present day are the product of years of unremittent study, design,

experimentation and trial.

Types of Meters.

Venturi.

A Venturi meter consists of two parts, the tube and the recording

instrument. The principle of the meter is based upon the relation between

velocity and pressure in water flowing through a pipe of varying area

;

this type of meter has no mechanism in the path of the water. The

readings are taken from the relative pressures in two small pipes, one

leading from the pressure chamber at inlet end and the other from the

throat of the tube, these pipes leading to the recording instrument.

Proportional.

A water meter of the proportional displacement type is one in which

the Venturi principle has been used by coupling the main tube with a

second smaller tube in such a way as to secure the same relative drop in

pressure through the throats of both tubes.

The theory is that the velocity and consequent volume of flow through

the smaller main will be in constant ratio to that of the larger. A displace-

ment meter is placed in the smaller tube and the volume through the larger

main computed from this reading.

Piston Meter.

The operation of a piston displacement meter may be compared, to

the operation of the water end of a duplex pump. There are two cylin-

ders, In each of which a plunger moves back and forth through brass

linings, carrying a slide valve over ports. Through these ports the cham-

bers at each end of the plungers are alternately placed in connection with

the inlet and discharge openings in such a manner that the water cannot

pass through the meter without moving the plungers. One of the plungers

operates a lever which in turn operates the counter movement through a
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spindle and ratchet, moving the dial pointers once for every four strokes,

or displacement of the plungers.

Current Meters.

A meter of the velocity or inferential type is one in which a reacting

wheel or impeller is revolved by the current at a speed proportional to the

velocity of the flow. The propellers are mounted on a vertical shaft which

is carried on a bearing of agate of similar material. The water is usually

divided into two parts as it enters the meter, a part passing through each

propeller causing them to revolve and register the flow.

Rotary Meters,

The rotary displacement meter is one of the earliest types of meters,

and was extensively used up to a few years ago, especially in the larger

sizes ; although the piston was constructed in various forms the principle

was similar in all. The most common type was one iti which the piston

was constructed with alternate projections and recesses somewhat in the

form of a gear, although the shape of the projections or teeth varied

widely. The piston chamber was constructed with corresponding recesses

and projections. The piston rolled around on these projections on one

side of the case, the projections on the opposite side of piston forming

a more or less tight joint with the projections of the case dividing the

chamber into receiving and dividing portions, which alternately filled and

emptied as the piston revolved with the flow of water.

Disc Meters.

The principle of a nutating disc was first developed in England in

connection w4th a rotary engine in the middle of the Nineteenth Century,

and while it was a complete failure as a rotary engine the principle was

successfully applied to the measurement of water, the majority of water

meters now in use being of this. While there have been many modifica-

tions in the design and action of the disc, the principle is essentially the

same in all applications. The disc, or piston, divides the measuring cham-

ber into four measuring spaces, or compartments, which are alternately

filled and discharged.

The water enters through the ports on the inlet side of the diaphragm

and flows into the measuring spaces until the piston closes the inlet port

and opens the outlet port on the opposite side of diaphragm, allowing the

water to escape from the chamber. In this way the chambers above and

below the piston are alternately filled and emptied during each complete

nutation of the piston. The piston displacement is recorded by the dial

mechanism.

Compound Meters.

Compound meters, as the name w^ould imply, are a combination of

two units designed to measure both large and small flows. The usual

combination consists of a disc meter for the unit measuring small flows

and a current meter for the large flows. An automatic valve mechanism
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control^ both meters, diverting tlic water through the large meter on large

tldws, and throngh the small meter on small Hows.

Mktkrs on Fire Protection Services.

Placing meters on private fire service lines should he avoided if

possible, where such lines are used exclusively for fire protection, as there

is danger of interrupted service if a meter is installed with any mechanism

whatever that will obstruct the free flow of the water.

It is assumed that there will be no charge for water used for extin-

gui.shing fires; th^erefore, if the service is used for fire protection alone

there is no necessity for installing a meter, unless the owner of the private

fire service is suspected of using the water dishonestly. The illegitimate

use of water through private fire lines appears to be the exception rather

than the rule, and should be controlled by proper inspection. There

should lie no charge for pri\ate fire services where the expense of oper-

ating the water works plant is not increased through establishing such

service, for while the private fire service is a direct benefit to the owner

in that it permits of obtaining a lower rate of insurance and afifords better

fire protection than from the public hydrants alone, at the same time it is

certainly a benefit to the water works and to the community at large, as

if it fulfills its proper function less water is used for fire fighting and in

congested districts the adjoining property is nut endangered to such an

extent as wovtld be the case il' the public hydrants only were dejiended

upon for fire protection.

The foregoing is especially true where sprinkler .systems are used, as

the statistics of the National Fire Protection Association covering twenty

years and 16,680 fires show that the average fire in sprinklcred buildings is

put out with 6.8 sprinkler heads, .\ssuming that each sprinkler head

delivers 1.^ gallons per minute, which is a fair average, the amount of

water discharged is 102 gallons per minute. .\ single standard hose stream

will deliver 2.S0 gallons per minute.

Fire Service Meters.

Contrary to a quite general understanding, the Fire Underwriters have

never formally approved of any make, or type, of meter for use in con-

nection with what are known as fire line services, their attitude being that

of toleration, rather than approval. Where metering of fire service lines

has been required by a Municipality, or Private Water Company, meters

such as the "Trident-Protectus" or "Hersey Detector," which combine the

elements of both Compound and Proportional types in a manner providing

the capacity of the pipe line with little or no loss of head, are "tolerated"

by the Ihiderwriters, without prejudice to validity of rates.

Reading Meters.

Meter reading is the foundation of water bills and too much emphasis

caimot be placed upon the importance of knowing that the meter readings

are correct. Only familiarity with the work and with the appearance of
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tlie dials under various conditions of moisture, dirt, etc., will enable the

meter reader to do his work accurately, and accuracy is of the greatest

importance in meter reading.

The straight reading indicator consists of revolving discs with figures

around their peripherj-, revolving on a common shaft; the figures denoting

the meter reading are exposed through a slot in the dial face. This type

of indicator requires no instructions, as it is only necessary to copy the

figures as shown.

The standard indicator consists of a train of clock gears and pinions,

with pointers indicating on numbered circles or indices the figures which

form the meter reading. The standard indicator is in almost general use,

as it is much simpler in mechanism and is less liable to get out of order

than the straight reading indicator.

(1) Before attempting to read a water meter, be sure that it is

registering. If necessary turn on the water and note if the pointer of

indice moves.

(2) Begin reading the meter by noting the value of the unit in which

the dial reads ; this is indicated by each indice. These figures indicate the

value of one completed revolution of the pointers, therefore each division

of an indice represents one-tenth of the amount marked against each

indice. It should be noted that one complete revolution of a pointer of

any indice is equal to one division of the indice of next higher value.

(3) Care must be taken to note the direction of movement of the

pointers which rotate on alternate dials in opposite directions.

(4) Read the indices beginning with the one of lowest value usually

marked 10 and continue in the order shown by the figures beneath each

indice, setting down the figures as read, i. e., the reading of the 10 indice

in the units column; that of the 100 indice in the tens column, etc.

(5) Always set down the figure on each indice that has been passed

last or is just covered by the pointer, as the reading of each indice depends

upon the reading of the one of next lowest value. Care must be taken

when the pointer of the indice being read is close to, or covering a figure,

for unless the indice of next lower value has completed a revolution, or

passed the 0, the pointer which is being read has not completed the division

upon which it may appear to rest and the last figure which it has entirely

passed should be set down on the record.

(6) When the meter has registered its full capacity, that is, one

complete revolution of the highest dial, it returns to and starts again.

Whenever this occurs place in front of the reading of all of the dials, the

figure 1 ; this must be done to obtain the present reading.

(7) Dials arc made to indicate cubic feet, gallons, liters or an>

iitluT unit, but the great majority indicate cubic feet.

Accuracy of Meters.

The Meter Manufacturers' Exchange composed of the eiglit leading

meter manufacturers of the United States offer the following guarantees
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on the accuracy of meters and the degrees of accuracy as shown should

govern the permissible variation.

Positive displacement water meters when new are guaranteed to test

within the following degrees of accuracy

:

Ys," meters within 2 per cent, plus, or minus, on all streams from 20

gallons per minute down to 1 gallon per minute, and within 10 per cent,

minus on J4 gallon per minute.

•>4" meters within 2 per cent, plus, or minus, on all streams from 35

gallons per minute down to 2 gallons per minute, and within 10 per cent,

minus on lA gallon per minute.

1" meters withm 2 per cent, plus, or minus, on all streams from 60

gallons per minute down to 3 gallons per minute, and within 10 per cent,

minus on ^ gallon per minute.

VA" meters within 2 per cent, plus, or minus, on all streams from 100

gallons per minute down to 5 gallons per minute, and within 10 per cent,

minus on 1^ gallons per minute.

2" meters within 2 per cent, plus, or minus, on all streams from 160

gallons per minute down to 8 gallons per minute, and within 10 per cent,

minus on 2 gallons per minute.

3" meters within 2 per cent, plus, or minus, on all streams from 320

gallons per minute down to 16 gallons per minute, and within 10 per cent,

minus on 4 gallons per minute.

4" meters within 2 per cent, plus, or minus, on all streams from 560

gallons per minute down to 28 gallons per minute, and within 10 per cent,

minus on 7 gallons per minute.

6" meters within 2 per cent, plus, or minus, on all streams from 960

gallons per minute down to 48 gallons per minute, and within 10 per cent,

minus on 12 gallons per minute.

Testing Meters.

The correct method of testing water meters is by weighing the water,

allowing 62.5 pounds of water to the cubic foot, and this method should

be followed whenever possible.

The weight of water decreases as the temperature rises, the weight

per cubic foot ranging from 62.42 pounds at 32 degrees Fahrenheit to 62.13

pounds at 90 degrees Fahrenheit. This will represent the ordinary range

of temperature at which water is handled through meters; for all practical

purposes, however, the weight of a cubic foot of water is taken at 62.5

pounds.

To ascertain the percentage of registration divide 6,250 by the number

uf pounds of water delivered by meter.

To determine the percentage of error in registration, multiply the

error in pounds per cubic foot by 16 and divide by 10. It is necessary

to run at least one complete revolution of the hand of first indice of the

meter dial in all tests as the graduations of the indice may not be exact.
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When necessary to make several runs to complete one revolution of

the first indice, tlie total weight ox water delivered in the several runs

should be added, and in no case should a sub-division of the circle be used

to calculate the accuracy of the meter. When testing a meter, a valve

should be placed on the outlet side of the meter and a pressure maintained,

making the conditions of test similar to that of actual service.

Where impractical to test by weight, meters may be tested in place by

using a hose or pipe from the outlet of meter to a test meter placed tem-

porarily; the test meter should, of course, be known to register accurately.

Maintexance of Meters.

The maintenance of water meters is largely a matter of inspection,

testing and cleaning. The total cost of repair parts usually represents but

a very small proportion of the expense of maintaining meters. For

example: An 8" meter in constant service from March, 1912, until

January 1, 1919, has measured 1,890,000,000 gallons of water, and during

this time the only repairs necessary were repairing the agate bearing,

which became loose, and renewing a worn propeller shaft and applying

a new gear train. The total cost of these repair parts amounted to $7.00.

The total cost of maintenance of this meter during the period above

mentioned, including labor, was not more than $25.00. However, there

has been a considerable expense in connection with this meter in keeping

the meter and fish trap clean, as during certain seasons of the year the

water carries a great deal of debris, such as leaves, etc., also small fish

which clog the fish trap and interfere with the operation of the meter.

In the majority of cases where water is purchased by the meter,

maintenance of the meter is handled by the City or County furnishing

the water, regardless of ownership of the meter. Where meter is owned
by the Water Cornpany, the expense for maintenance is usually borne by

them; if owned by the Railroad, the Railroad is either billed for the ex-

pense, or repairs made without charge, depending upon the existing agree-

ment. In some instances a regular meter charge is made to cover all

expense for testing and repairs regardless of how the expense for repairs

is handled. The Railroad should know that the meter is being properly

maintained, as naturally the Water Company is more likely to correct

under registration than if the opposite where the case. The meter may
stop entirely, or at intervals, due to poor maintenance or inspection. This

means that it is necessary to render bills on an assumed consumption,

that may, or may not, be correct. Therefore, in justice to both the

Railroad and Water Company, the meter should be maintained as closely

as possible to the same degree of accuracy as when received from the

manufacturer, and to protect the Railroad's interest the maintenance of

meters should have close supervision by the Railroad Water Department.

Whenever possible or practical to do so a railroad should standard-

ize its water meters, as by so doing employees are enabled to familiarize

and perfect themselves in the knowledge of the mechanical construction
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which is lU'CL'Ssar}- to maintain a system <if meters at least expense, and

greatest efit'ieienc). It also permits (,)) carrying a smaller stock of repair

parts than would be the case where different types of meters were used.

Hot Water Meters.

There is some question as to whether a reliable device may be found

for measuring l.ot water, except through the use of an orifice meter. This

condition is not due so much to the construction of the meter as it is to the

condition under which the hot water meters are required to operate.

The greatest need for hot water meters is for measuring boiler feed

water. Boiler fe)cd lines, as ordinarily used, are of such size that a

differential of two or three pounds developed at the pump in excess of

the pressure carried on the boiler will supply all the feed water required.

Hence, while meters maj^ be working under a static pressure of from

100 to 200 pounds, the actual working head to operate the meter is pos-

sibly only two or three pounds. It will be realized that the best possible

operation cannot be expected under this condition and it is not surprising

that trouble lias liecn experienced with meters on boiler feed lines. It

should also lie realized that the same incrustation is going on in water

meters as in boilers, and while the boiler is cleaned at regular intervals,

the chances are that the meter is given but little attention, notwithstand-

ing the fact that the meter is a comparatively delicate instrument. The

use of hot water meters in continued service on a boiler water line is

inadvisable; for all practical purposes, occasional evaporation tests are

all that are necessary, and for such purpose the ordinary hot water meter

will give very good results for an indefinite period when installed on a

by-pass in the boiler feed line. The inlet and outlets controlled by valves

and the meter placed in operation only when evaporation tests are be;ng

conducted.
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FLUE FAILURES WHICH MAY BE DUE TO IMPROPER
WATER CONDITIONS AND REPORT UPON METHODS OF

TREATMENT TO CORRECT SUCH CONDITIONS.

R. C. Bard\vf.1-l, Chairman, Sub-Committee.

Introduction.

The operating efficiency of the modern locomotive is largely de-

pendent upon the condition ot its boiler, and to derive full service from

the boiler it is necessary that water of such quality be used as will permit

no liabilit}- of flue failures.

The arbitrary limit of time now allowed between flue renewals by the

Federal Boiler Inspections Regulations has been raised from three to

four \ears. This period is, at present, much longer than the ordinary life

of flues, especially in the Central and Middle West territory. With the

increase in size of power and the larger evaporating capacities per unit of

heating surface witli the greater water consumption, the flue failures

caused by mineral and other agencies in the water have become more pro-

nounced. Not only are the immediate effects of the failures serious with

respect to the increased cost for boiler repairs and overtime to crews,

but the intangible expense due to delays to traffic, immediate and en

route, are considerable.

Char.\cter of Failures.

Leakinq.

The most common failures experienced are those due to leaking.

These arc caused principally by scale collecting at the joints of the flues

and the flue sheet and hardening while the metal is hot and expanded.

Consequently when cooling takes place and the sheets contract, there will

l)e no contraction in the hard scale and the joints are opened.

Pitting.

Other failures which are becoming increasingly frequent of late are

those due to pitting. These are usually the result of "scab-pitts" or

local corrosion working through the metal in spots. As a rule they are

not sufficiently serious to cause a complete failure on the line, but the

expense of delays and inconvenience to traffic is considerable.

Burning.

In the case of water tulie boilers at stationary plants the most com-

mon flue failure is the result of bagging and blowouts. This is usually

caused by sludge or sediment settling into the lower rows of tubes, bak-

ing on the bottom section, and causing a mud burn or blowout through

overheating of the metal.

Causes.

In general, all waters contain similar substances in solution, although

varying considerably in amounts and proportions. These are usually di-
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vided for identification purposes as incrusting and non-incrusting solids.

In occasional instances from mine drainage regions, free acid waters may
be found. At times surface supplies carry sufficient mud and suspended

matter to cause trouble. In some waters the dissolved gases, usually

carbon dioxide or oxygen, but occasionally' hydrogen sulphide, demand

attention. However, the common constituents of the incrusting solids,

namely, the carbonates and sulphates of Calcium and Magnesium, are

those responsible for the large majority of flue failures attributed to

water conditions.

The scale formed on the flues is of considerably varying quality, de-

pending upon the total amount of incrusting solids and the ratio of the

component radicles, together with the rate of evaporation. It is known
that if the incrusting sulphate content is high, especially with a large

Magnesium ratio, the scale formed will be, as a rule, hard and tenacious,

and very destructive to the boiler. If, on the other hand, the predom-

inate part is Calcium Carbonate, especially with slow evaporation, the

scale will be soft and porous and more easily removed by mechanical

means with less damage to the flues and boiler. A muddy water or one

high in suspended matter causes trouble from baking and mud burning,

but in cases of high mud and suspended matter the visible evidence of

prospective trouble is continually present, urging suitable corrective steps

of either filtration, sedimentation, or abandonment of the supply. High

rate of evaporation will tend to bake any incrustants into a hard scale.

The causes of pitting and corrosion may be enumerated as follows

:

(a) Free Acid.—Any water which contains free acid will cause

corrosion. These are rarely encountered except in coal mining regions,

but where found the action is usually severe. Organic acids as the result

of trade wastes or the decay of vegetable matter are occasionally en-

countered.

(b) Magnesium Sahs.—Water which contains large amounts of

Magnesium salts or where the ratio of Magnesium salts to the total

incrustants is high, have been found to induce pitting. The Chloride of

Magnesium, although infrequently encountered, has always been recog-

nized as a corrosive salt due to hydrolizing with Hydrochloric acid as

by-product. Where the hypothetical combinations indicate the presence

of much Magnesium sulphate, similar action is often noticed.

(c) GypstDii Scale.—Where heavy scale is produced by Calcium

Sulphate, the high temperature next to the boiler iron caused by the

insulating effect of the scale brings about disintegration of the scale with

the resulting attack on the iron by the sulphuric anhydride liberated.

(d) Gases.—In some waters the carbon dioxide, either free or half

bound, is given as the cause of pitting. This gas, particularly when liber-

ated in the nascent state in the boiler, attacks the iron—forming iron car-

bonate, an unstable compound which breaks up into iron oxide and fur-

ther nascent carbonic acid, thus causing progressive pitting in spots.

Some trouble is also attributed to the dissolved oxygen in water, but
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amount contained under saturation limits is so small as to make action

prpblematical.

(e) Oil.—Corrosion may occur from oil scale due to the high insulat-

ing effect of the thin film, with resulting acid properties liberated through

disintegration under high heat.

('f) Galvanic or Electrolytic Action.—When high concentration of

non-incrusting solids is present in boiler waters, it is probable that the

cause of corrosion when experienced is due to galvanic or electrolytic

action. The concentrated salts, especially Sodium Cliloride, act as elec-

trolytes, while a piece of mill scale, slag, sulpliur, manganese, etc., and a

spot of pure iron on the surface of the boiler wall would form the two

poles of a battery with the necessary difference in potentials, and the

iron plate completing the circuit. Any difference in the chemical com-

position of the steel in different parts of the boiler, or difference in

crystalline structure, with possible segregation due to mechanical strains

or deformations such as frequently occur in punching holes or poor

matching, give these different spots the opportunity of acting as the

opposite poles of a galvanic cell.

(g) Absolutely pure water will also cause corrosion due to its

solvent properties.

The cure of boiler troubles is, in a great measure, similar to the cure

of diseases, in that each problem has a specific remedy and it is im-

possible to laj- down general directions which will fit all cases. Boiler

compounds of all natures have been exploited, some acting mechanically,

others supposedly mechanical, while others definitely chemical. A few

manufacturers of boiler compounds have gone into the matter on a

scientific and legitimate basis and have had considerable success in alter-

ing the scaling solids into loose non-crystalline, non-adhering sludge. How-
ever, except in exceptional instances, it is poor practice and uneconomical

to make a sludge tank out of the boiler.

Where flue failures are common the water conditions should be

thoroughly investigated, and it is a good general rule that at points

where trouble originates the water should be properly softened and the

objectionable constituents absolutely removed before the water is de-

livered to locomotives for steam purposes. At present prices it has been

found that lime and soda ash are the least expensive chemicals which

can be used to advantage, and with a water treating plant, properly

operated, the harmful impurities can be precipitated and removed as

sludge in the softener with a clear, soft, safe water delivered for steam

purposes.

It has been found generally advisable to so adjust the treatment that

a slight excess of hydrate alkalinity due to caustic soda be maintained in

the boiler at all times. This precludes the formation of any hard sul-

phate scale; neutralizes any acid tendencies; assures absence of Mag-
nesium compounds due to the insolubility of Magnesium Hydrate; neu-

tralizes carbon dioxide, and minimizes the effects of galvanic action.
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INSTRUCTIONS FOR CARE OF WATER STATIONS.

W. C. Harvey^ Chairman, Sub-Committee.

Duties of Attendant.

The Pumper, Station Agent or other person in charge of the local

water supply will be held responsible for the condition of the entire plant.

His first duty will be to see that there is an ample supply of water avail-

able for locomotive use at all times.

In case of trouble that affects the water supply he must wire the

Chief Dispatcher iis well as the Water Service Foreman, stating fully the

trouble and what is needed for repairs. He must make frequent inspec-

tion of all parts of the plant, make all repairs within his power and avoid

sending for repair man except when absolutely necessary. He will be

responsible for the safe keeping and economical use of supplies furnished

to the water station and place orders for fuel and supplies in ample time

to avoid a shutdown of the plant.

Pumphouse.

The attendant must keep pumphouse neat and clean and take ever}'

precaution against loss or damage by fire. Waste or other combustible

material must not be stored in the puntphousc. Oil and gasoline must be

stored outside in proper receptacles. Cinders must not be dumped close

enough to the house to endanger it. Proper place must be provided for all

tools and they must be returned to their proper place after using.

Machinery.

Machinery must be inspected daily and adjustments made to increase

efficiency and to prevent wear or breakdown. Particular attention must

be given to the packing and lubrication of all parts. Attendant must be

familiar with the location and purpose of all steam and water pipes, valves,

levers, etc., so that in case of accident or leaks the controlling valves

may be properly used.

When ordering repair parts for any piece of machinery attendant

must always give the name of manufacturer, shop number of the machine

and repair number of the part wanted.

Boilers.

Attendant must see that the boiler contains a sufficient amount of

water before starting a fire and that the gage-cocks, water glass and safety

valve are clean and in good condition.

Fire must be frequently cleaned of clinkers, and ashes and soot

removed from tlues. Ashes must not lie allowed to accumulate beneath

the grate.

Boiler mii>t lie washed out once a week or oftener if in the judg-

ment of the Water Service Foreman it is necessaiy. Foaming is due to

a dirty boiler and can be stopped by blowing down and filling with fresh
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water. To blow down the boiler, first till it to the top with water, then

blow down to one gage with not over 30 lbs. of steam.

If it develops, when plant is operating, that no water appears in the

water glass the valve below water column should be opened. If water

then appears, the flow to the boiler can be increased; if not, fire must be

pulled and boiler cooled before turning an\- water into it. Where more

than one shift is in charge of the pumping plant each oncoming man

should be notified, by the man leaving, of any defects.

Should safety valve stick and steam gage show over-pressure, dralt

doors should be closed and boiler allowed to cool ofif to pressure at which

valve is supposed to work before any repairs or adjustments of the safety

valve is attempted.

Oil Engines.

Attendant must be provided with a copy of and be governed by the

manufacturer's printed instructions for operating the particular type of

engine in his charge.

To secure economical and satisfactory operation, engines must be

properly lubricated. Attendant must see that all moving parts are free

from dirt, properly oiled and work easily. Lubricating oil must be fluid

enough to be fed readily through the oiler. When oiler is i)cing filled the

lubricating oil should be run through a fine mesh strainer inserted in a

funnel. The cover of the oiler should be in place at all times except

when filling it. The oiler should be drained occasionally and washed out

with gasoline. This applies also to the bearing oil cups.

The machinery to be driven should be detached from the engine imtil

engine is in motion.

Before starting see that tank contains fuel and that a supply of

cooling water is available. Thermometers are frequently provided which

sliow the temperature of the cooling water around the cylinder. When
running the thermometer should register 140 to 180 degrees Fahrenheit.

The most favorable temperature will be different wnth different fuels and

attendant should note the temperature at which operation is best and

attempt to keep it reasonabl}- close to that figure. The temperature can

be held at that point by regulating the supply of water to the cylinder

jacket by means of the valve provided for that purpose. The pump, piping

and water jacket of the engine must be drained when engine is not in use

to prevent freezing and cracking of cylinder.

Fuel for oil engine should be strained at the time storage tank is

filled. In some types of engines fuel is injected into cylinder through a

spray nozzle. Irregular operation maj' be caused by foreign matter in

the oil sticking in the spray nozzle or in the check valve in the injector

pump. The small hole in end of spraj^ nozzle must be cleaned occasionally,

If a loss of compression is noticed, piston should be inspected. The
piston rings should be free in their grooves. If they stick, the compres-

sion or explosion will blow past them and the combiistion will be poor.
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due to poor compression. Any accumulation of carbon which tends to stick

to the rings should be washed out with gasoline.

Electric Motors.

Motor, control and pump should be inspected at least once each week,

at which time all parts should be thoroughly cleaned, and all contact

carefully inspected to see that they make and break at proper time and

that contact surfaces are clean. All wearing parts should be well lubri-

cated and special attention should be given to motor bearings. Building

where motor is located should be kept clean. No papers or oily waste

should be allowed to collect in switch boxes or near motor or near any

electrical contacf or wires.

Waste must not be used around commutator or brushes and gas-

oline or sandpaper must not be used to clean commutator. If motor

sparks excessively the proper official should be notified.

Motor should be watched carefully for overheating. The commutator

should not be allowed to become worn or grooved by the brushes.

Any displaced wire must be reported. No attachments should be made

to the wiring, as serious damage may be done to the equipment and there

is danger of personal injury. A fuse must never be replaced with any-

thing but a proper fuse. If one of a higher ampere rating is used it

may cause serious damage to the motor. The fuse is the electrical safety

valve and should no more be tampered with than a steam safety valve.

A test lamp should be used to find blown fuses, thus avoiding chances of

electric shocks. A gage should be applied to each alternating current

motor to test the space between motor and field poles. If gage will

not pass freely the bearings need immediate attention.

On pump motors controlled from a distance, the remote control

starter located in the pumphouse should be inspected and tested fre-

quently to see that it starts the motor properly. Any badly burned con-

tact should be reported.

Water Tanks.

They should be filled at each pumping to prevent shrinkage of wooden

tanks, deterioration in sheets of metal tanks, as well as to safeguard the

water supply in case of accident to the pumping plant. Tank spouts and

grab ropes must be maintained at standard clearance. Defects in spouts,

valves or discharge pipes must be reported at once. Attendant must watch

engines take water and report unnecessary waste. Damage to fixtures

or appliances by engines taking water must be reported to the Water
Service Foreman, giving date, train and engine number.

Water Columns.

Water columns should be inspected frequently and maintained in good

working order. Lifting rods should be tightened, leaky glands repacked,

locks and rollers adjusted. On double track, water columns should be

swung in the direction of traffic and locks maintained in such position that

they hold the water column parallel to the track.
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Examination Qif.stions for Care of Boilers.

1. (Q.) Describe in a general waj the principal parts of a steam boiler

and their uses.

(A.) A steam boiler is a vessel used to generate steam. A firebox

or furnace is provided for the combustion of fuel such as

coal or wood. The smokestack is connected with the fur-

nace to carry away the gases of combustion and create a

draft, that is, supply the burning fuel with air. An injector

or feed pump supplies the water to the boiler for the gen-

eration of steam. The steam gage indicates the steam pres-

sure, while the water glass and gage cocks show the height

of water in the boiler. The safety valve is a device attached

to the boiler for the purpose of assuring its safety against

explosion from excessive pressure of the steam. It auto-

matically opens when the pressure exceeds a certain Hmit

and closes again when the pressure has fallen slightl}'.

What is essential for the safety of a steam boiler?

A safe head of water in the boiler and a safety valve properly

set and in good order.

What is necessary for the proper burning of coal?

Clean flues and smoke connections and careful, even firing,

keeping the fire open and free from clinkers and supplying it

with the proper amount of air.

What is the result of putting too much coal on a fire?

Incomplete combustion and black smoke and poor steaming

effect.

What is the result of carrying too thin a fire?

An uneven fire with too much air supply and poor steaming

effect

(a) Of what does black smdke consist?

(b) How can it be prevented?

(a) Carbon and unburnt gases.

(h) By careful, even firing.

What is the result of letting ashes accumulate beneath the

grate ?

A poor draft and generally the warping and burning of grates.

What is the result of letting clinkers gather on the grate?

A poor fire and burning out of grates.

For what purpose is the water glass used?

To indicate the height of water in boiler.

What is the use of the blow-off cock?

To blow off the sediment in the bottom of the boiler. This

assists in correcting foaming and priming.

11. (Q.) How would you blow down a boiler while running with a

good fire?

2.
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(A.) Never leave the l.il<nv-off valve and watch the water level in

water glass.

12. (Q.) How much water shoulrl l)e blown down at one time while

running?

(A.) Never blow off more than one gage of water while running.

13. (Q.) How would you prepare a fire to last through the night with-

out further attention ?

(A.) Clear the fire carefully, removing all clinkers and bank the

fire well with wet slack coal.

14. (Q.) Wh^t is priming and foaming?

(A.) Priming is the formation of wet steam which rises with such

rapidity as to violently agitate the water. Small globules of

water are thrown off from the surface, mixed with the

steam and are carried off with it. Foaming is an aggra-

vated form of priming, where the water is thrown up in

large quantities and carried off into the pump.

15. .^Q.) How would you know when the water is foaming?

(A.) By the restless action of the water in the gage-glass.

16. (Q.) How would you stop a violent case of foaming?

(A.) Frequent blowing off of boiler and supplying it with fresh

water will generally correct the trouble.

17. (Q.) If you suddenly discovered there was no water in the glass

what would you do?

(A.) If a light fire draw and cool off as quickly as possible; if a

heavy fire cover with wet ashes or slack coal. Never open

or close any outlets of steam when water is out of sight.

18. (Q.) In starting a steam pump what would you do first?

(A.) Open all cylinder cocks on steam cylinder in order to let out

condensed steam and fill the lubricator.

19. (Q.) Describe the next step.

(A.) Open the throttle valve a trifle in order to warm up the

cylinder and give the condensed steam time to run out of

cylinder.

20. (Q-) In case of accident to the pumping plant which affects the

water supply what would be your first duty?

(.\.) Wire the Chief Dispatcher and Water Foreman stating fully

the trouble and what is needed for repairs and then if possi-

ble make such temporary repairs as are necessary to keep

the station in service until permanent repairs are made.

21. (Q.) How should pump houses be kept?

(A.) Neat and clean and every precaution taken to prevent fire.

22. (Q.) Where should oil and waste be stored?

(A.) In metal boxes or receptacles outside the pump house.

23. (Q.) What will be your duty regarding care of water columns or

pen-stocks?
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(A.)

24. (Q.)

(A.)

ExAMrx

1. (Q.)

(A.)

2. (Q
(A

3. (Q
(A

(Q
(A

5.
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(Aj The bulb or tube is heated by a torch before starting and

kept hot by the successive explosions in the engine cylinder,

the temperature being regulated by the cooling water,

through cylinder head.

9. (Q.) What is an explosive mixture?

(A.) An explosive mixture consists of vaporized oil and air in the

proper proportions.

10. (Q.) (a) What should be the temperature of the cylinder of an

engine operating on gasoline?

(b) Qn oil?

(A.) (a) Irhe temperature required for a gasoline engine cylinder

varies from 100 degrees to 160 degrees, depending on mix-

ture, condition of cylinder, etc. ; the temperature should not

be high enough to cause pre-ignition or loss of power.

(b) To insure good combustion the temperature of an oil

engine cylinder should be from 150 to 160 degrees.

11- (Q) What are the causes of hot bearings?

(A.) Friction because of tight bearings, lack of lubrication and

loose bearings, causing bearing to pound hot.

12. (Q.) What should be done to correct a hot bearing?

(A.) The bearing should be carefully adjusted to eliminate unnec-

essary friction and pounding and the bearing properly lubri-

cated. Water may be used on the bearing to keep the heat

below the danger point until it has become properly seated.

Excessive heat will cause the bearing to expand and stick.

13. (Q.) What is the effect of too much oil in the cylinder?

(A.) If too much oil is used a slow burning mixture is formed

which does not develop the power that a proper explosive

mixture does, causes incomplete combustion and formation

of carbon.

14. (Q.) What are some of the causes of carbonization?

(A.) Carbonization is chiefly due to insufficient heat in the com-

bustion chamber and may be caused by an overloaded en-

gine using more oil than the heat from the combustion

chamber can vaporize. It is important to prevent car-

bonization that the piston rings are a perfect fit to the

cylinder walls, otherwise the gases may blow by the rings

causing them to become fast in the grooves of the piston.

l.S. (Q.) How should piston rings be loosened when stuck in the

grooves of the piston?

(A.) The rings should be soaked with kerosene, loosened up and

grooves carefully cleaned.

16. (Q.) How would 3'ou remove the rings?

(A.) The rings can be removed by taking three strips of tin one-

half inch wide and five or six inches long, slip one strip

under each end of the ring and the third strip under the

middle of the ring. The ring may then be slipped out of

the groove and cleaned.
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17. (Q.) How would you regriud inlet and exhaust valves?

(A.) To reseat valves grind with emery and oil by revolving valve

on seat until it will hold compression, carefully clean both

valves and seat before starting engine.

18. (Q.) What causes knocking in an engine?

(A.) Knocking may be caused by loose crank brasses, piston brasses

or bearings. Loose piston rings cause a knock in the cylin-

der which is sometimes very hard to locate. Prc-ignition

will also cause knocking in the cylinder.

19. (Q.) What causes pre-ignition ?

(A.) Pre-ignition may be caused by an overload on the engine, by

ignition of carbon deposit on cylinder walls and head and by

the cylinder being too hot.

20. (Q.) What are the principal causes contributing to the rapid de-

terioration of internal combustion engines ?

(A.) Lack of proper lubrication and absence of cooling water on

jacket are two principal causes of the deterioration of an

internal combustion engine.

Ex.\MiNATiON Questions for Care of Electkic.\lly Operated Pumps

1. (Q.) What are the two kinds of current generated?

(A.) Direct and alternating current.

2. (Q.) How would you distinguish between the two motors?

(A.) The direct current motor will have a commutator and brushes,

the alternating current motor will have neither commutator

nor brushes.

3. (Q.) How should a direct current motor be started?

(A.) The arm of the starter should be moved slowly over the con-

tacts from the "off" to the "on" position as the motor comes

up to speed.

4. (Q.) How should an alternating current motor be started?

(A.) This type of motor is usually started with an auto-starter,

the lever of which should be thrown first to starting position

and held until motor has attained normal speed and then

to the running position.

-^- (Q) What would be the result of bringing the starter handle over

quickly ?

(A.) The rush of current might blow a fuse, trip a circuit breaker

or possibly injure the insulation of the motor windings.

6. (Q.) What is the proper method of stopping both the direct and

alternating current motors?

(A.) By opening the motor switch.

7. (Q-) When using a direct current motor how should the commuta-

tors be cleaned?

(A.) With a rag moistened with signal oil.
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8. (Q.) What arc the indications of overheating in a motor?

(A.) A fried or charred appearance of the insulation of the wind-

ings, especially the armature.

9. (Q.) What would indicate the proper temperature of motor?

(A.) After running an hour or two the field coils and armature

should be warm, but not enough to be uncomfortable to

the hand.

10. (Q.) How often should motors be luln-icatcd?

(A.) Once a month.

11. (Q.) Hovi^ would you proceed to lubricate a motor?

(A.) The oil should be drained from the boxes, the boxes cleaned

and refilled with clean oil.
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To the American Railway Engineering Association:

Your Committee submits herewith its annual report for the year 1918.

The following subjects were assigned to your Committee by the Board

of Direction :

1. Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

2. Report on the problem of signaling railroads with reference to

the effect of signaling and proper location of passing sidings on the

capacity of the line.

3. Report on the specifications adopted by the Railway Signal As-
sociation which warrant endorsement, conferring with Committees 5,

6, 15, or other appropriate committees, on appliances affecting track or
structures.

4. Report on the desirability of providing in connection with an
aiU<im:itic signal system :

(a) An overlap.

(b) Approach restricting speed indications.

5. Report on the various types of light signals for day and night

indications.

6. Report on the feasibility of separating into distinct types of their

mvn the signals for train operation, and the markers or signs whicli

indicate the locations or position, or both, of information signs and
switch signs for conveying information to trainmen, and design suitable

for day and night (if necessary) markers or signs for switches, derail-

ing switches, stop signs, slow signs, resume-speed signs, water-station and
track-pan markers, highway crossing signals, etc.

7. Report on requisites of signal locations for automatic block sig-

nals for single-track roads.

8. Report on Automatic Train Control.
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9. Report on methods in use for sliort circuiting track circuits for

tlie display of signals for the protection of track workers.

10. (a) Report on applications of aspect indicating that train must
take siding at a non-interlocked switch.

(b) Report on application of aspect indicating that 19 or 31 orders

are to be delivered.

11. Submit a code of signal rules.

13. Investigate and report on the subject of proper time interval

for the release of electrical and mechanical devices applied to signal or

switch apparatus.

)

COMMITTEE MEETINGS.

Four meetings of the whole Committee were held during the year,

two in Buffalo and two in Chicago, besides which a number of meetings

were held by sub-committees.

The Track Committee requested that a member be appointed to rep-

resent this Committee at one of the meetings. This was done, Mr. J. C.

Mock being appointed.

(1) REVISION OF MANUAL.

Your Committee has no recommendation for the revision of the

Manual this year.

(2) REPORT ON THE PROBLEM OF SIGNALING RAILROADS
WITH REFERENCE TO THE EFFECT OF SIGNALING AND
PROPER LOCATION OF PASSING SIDINGS ON THE
CAPACITY OF THE LINE.

The Committee submits its report in three parts under Appendix A.

In the Committee's report of 1917 it stated that ''our work on this

subject will be in applying and testing formulas and methods on pieces

of road with actual movements of trains."

In accordance with the above statement your Committee submits in

Part 1 a report on a single track railroad. Further work was done

in development of a method of analysis of two or more track railroads

which is submitted as Part 2, and this method was tested on a piece

of railroad, results of which are given in Part 3. Recommendations

of the Committee are given under the heading of Conclusions.

(3) REPORT ON THE SPECIFICATIONS ADOPTED BY THE
RAILWAY SIGNAL ASSOCIATION WHICH WARRANT EN-
DORSEMENT, CONFERRING WITH COMMITTEES 5. 6, 15, OR
OTHER APPROPRIATE COMMITTEES, ON APPLIANCES
AFFECTING TRACK OR STRUCTURES.

In Appendix B your Committee submits list of matters acted upon at

the Railway Signal Association convention in 1918 and adopted by letter-

ballot. Recommendations on this subject are given under the heading of

Conclusions.
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(4) REPORT ON THE DESIRABILITY OF PROVIDING IN

CONNECTION WITH AN AUTOMATIC SIGNAL SYSTEM:

(a) An overlap.

(bj Approach restricting speed indications.

On the above subject your Committee reports as follows:

(a) Overlaps arc not desirable for following movements, as adequate

advance information can be provided in signal system.

(b) Overlaps are necessary for opposing movements where adequate

advance information cannot otherwise be provided.

-A^ction recommended will be found under tlie heading of Conclusions.

(5) REPORT ON THE VARIOUS TYPES OF LIGHT SIGNALS

FOR DAY AND NIGHT INDICATIONS.

In .Appendix C your Committee submits a report.

Recommendations on this subject are given under the heading of

Conclusions.

(6) REPORT ON SIGNS AND SIGNALS.

No progress made.

(7) REPORT ON REQUISITES OF SIGNAL LOCATIONS FOR
AUTOMATIC BLOCK SIGNALS FOR SINGLE-TRACK ROADS.

Your Committee made considerable progress on this subject this year

but is not yet ready to report.

(8) REPORT ON AUTOMATIC TRAIN CONTROL.

In Appendix D your Committee submits a report on this subject and

Its recommendations are given under the heading of Conclusions.

(9) REPORT ON METHODS IN USE FOR SHORT CIRCUITING
TRACK CIRCUITS FOR THE DISPLAY OF SIGNALS FOR THE
PROTECTION OF TRACK WORKERS.

No report.

(10) (a) REPORT ON APPLICATIONS OF ASPECT INDICA-

TING THAT TRAIN MUST TAKE SIDING AT A NON-INTER-
LOCKED SWITCH.

(b) REPORT ON APPLICATION OF ASPECT INDICATING
THAT 19 OR 31 ORDERS ARE TO BE DELIVERED.

Your Committee has made progress but is not yet ready to submit a

report.
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(11) SUBMIT A CODE ON SIGNAL RULES.

No report.

(13) INVESTIGATE AND REPORT ON THE SUBJECT OF
PROPER TIME INTERVAL EOR THE RELEASE OF ELEC-

TRICAL AND MECHANICAL DEVICES APPLIED TO SIGNAL
OR SWITCH APPARATUS.

CoiLsiderable work has been done on the above subject but your

Committee is not yet ready to report.

CONCLUSIONS.

Vour Committee recommends that the following action be taken on

llie report submitted herewith :

1. That the matter on this subject be accepted as information.

3. That the list of Railway Signal Association specifications and

standards submitted as Appendix B by this Committee in its report in 1918

be published in the Manual as supplementary to the list heretofore inserted

for the information of the members.

That the submitted list of Railway Signal Association specifications

and standards submitted with this report as Appendix B be published in

the Manual as supplementary to the list heretofore submitted or inserted

for information of the members.

4. That the Committee's report be adopted and published in the

Manual.

5. That the report submitted in Appendix C be accepted as informa-

tion.

8. That the report given in .Appendix D be accepted as information.

RECOMMENDATIONS FOR NEXT YEAR'S WORK.

Your Committee recommends for next year's work continuation of

subjects 1, 2. 3, .^ 6. 7, 8, 9, 10 and 13.

Respectfully submitted,

The Committee on Sicnm.s ano Ixtereockinc



Appendix A.

SUBJECT (2) REPORT OX THE PROBLEM OE SIGNALIXC,

SINGLE TRACK ROADS WITH REEERENCE TO THE EF-

EECT OF SIGNALING AND PROPER LOCATION OF
PASSING SIDINGS ON THE CAPACITY

OF THE LINE.

Pakt I

—

Ekkixt of Sidixg Locations u.n the Cai'acitv ok a Sinci.i-:

Track Link.

Ill accordance with the statement made in the last report, tliat further

work on this subject would consist of apphing and testing the formulas

or method.s on pieces of roads, your Committee presents an analysis of

tlie effect of passing track location on 88 miles of line.

The analysis of this line is simple, due to the fact that there arc no

large yards or junction points and that it is used exclusively for freight

service. The traffic consists almost entirely of solid tonnage trains be-

tween .\ards at South Pekin and Benld. The running time of these trains,

as used on Sheets 1, 2 and 3, was obtained by computation from the

tractive effort of the locomotives in use, with their full theoretical ton-

nage for ruling grades. By the use of this method uniform results arc

obtained which are not possible when taking actual figures obtained by

riding trains, unless the average of a large number are obtained, and

the speed and time of a train at any point can be found, which is of

considerable advantage in locating new passing tracks. These figures are

checked by train dispatchers, and by actual figures obtained by riding

several trains.

Sheet 1 is an analysis using all the present passing tracks with their

present capacity, and the resultant schedule obtained is shown graphically

on Sheet 4 under heading "Present A." In this and succeeding analysis

the stop for water north of Womac made by all southward trains is not

necessary for locomotive requirements, but is made according to rule to

relieve water station at Benld.

It must be remembered that the minimum time between trains is

determined by finding the maximum sum of schedules between passing

sidings as shown in Column K, Sheets 1, 2, 3 and 5.

In using all the present passing tracks there are cases where they

are so close together that the delayed time is large. Certain of these

tracks can be left out and still maintain the same minimum time between

trains (it may be advantageous to do tliis, even though the minimum

is increased slightly), with a decrease in the delayed time to southward

trains waiting for meeting. On Sheet 2 is shown an analysis using only

tlie passing sidings which can be used to best advantage in eliminating

delayed time, and the corresponding schedule is shown graphically on

Sheet 4 under heading "Present B."
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Sheet 3 shows the schedule as worked out under the proposed rear-

rangement, and which is shown graphically on Sheet 4 under the heading

"Proposed." In this rearrangement the following existing tracks are

to be extended to 100-car capacity, the direction of the extension being

that to give the best balance of time, due consideration being given to

grade, curve, highway crossings, bridges and other conditions affecting

passing track location, Green Valley, Allen, Luther, Hul)ly, Sweetwater,

Barr, Siding No. 2, Archer, Lick, Lemmon, Girard and Womac. Three

new passing sidings of 100-car capacity are proposed at Bando, Mile

Post 74% and Mile Post 94}4- Tn addition, Benld yard lead should be

extended north
j
into Gillespie interlocking plant, Luther passing track

south into Luther interlocking plant. Lick water station moved south to

the coal chute with a penstock installed between main and passing track.

and a penstock similarly installed at the water station at Lemmon. This

will require a total of 7.92 miles of track, but will release 2.33 miles of

track at Compro, Virden and Siding No. 3 now used for passing sidings.

Sheet 5 shows a comparison of the sum of the schedules between ad-

jacent passing sidings and the delayed time to southward trains waiting

for meeting, as obtained from Columns K and L of Sheets 1, 2 and 3.

Sheet 6 shows a comparison of the capacity of main track under the

different arrangements shown on Sheets 1, 2 and 3, giving in an easily

comparable form the essential features and results which may be ex-

pected from the proposed rearrangement. All figures are based on the

assumption that when operating at full capacity each train will meet an

opposing train at each passing siding.

Sheets A and B arc small scale charts of the line showing existing

tracks and facilities in solid lines and proposed changes in dotted lines.
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Part II

—

Effect of Siding Locations on the Capacity of a Two or

More Track Line.

In the study o£ the effect of signaling (block signaling) and the

location of passing sidings on the capacity of a track with traffic in one

direction, we have quite a diiTerent problem from that of a track with

trafific in both directions (see report on capacity of a single track line),

for while in both cases time is the governing feature in determining

how many trains can be operated between two points, in the case of a

track with traffic in both directions it is the time of opposing trains which

controls ; whereas on a track with traffic in one direction it is the time

of following trains.

The subject naturally divides itself into two parts:

(1) Proper location of passing tracks.

(2) Capacity of a line without passing tracks.

(1) Proper Location of Passing Tracks.

In order that we may have a concrete example on which to base the

formulas and methods which we intend to produce, we will take a 100-mile

division on which only two classes of trains are operated. iFirst, freight

trains whose running time over the division, including necessary stops

for coal and* water, is 6% hours ; and second, passenger trains whose

running time over the division is 2]^^ hours. The running time of the

freight train we will assume to be as follows

:

From terminal A to mile post 20 66 minutes
From mile post 20 to mile post 32 30 minutes
From mile post 32 to mile post 50 54 minutes
From mile post 50 to mile post 80 105 minutes
From mile post 80 to terminal B 78 minutes

Total 333 minutes

The necessary stops for the freight train we will assume to be 12

minutes at mile post 32 for water; 33 minutes at mile post SO for coal

and water, and 12 minutes at mile post 80 for water ; total time for stops

being 57 minutes, so that the total time consumed on the division, as

before assumed, would be 390 minutes.

The accompanying diagram shows such a frei^t train leaving Termi-

nal A at 12 midnight and arriving at Terminal B at 6:30 a. m.

The passenger train leaving terminal A at 4 a. m. will arrive at termi-

nal B at 6:30 a. m.

It is quite evident from an inspection of this diagram that if there

were no passing tracks on the division, no freight trains could be

operated between midnight and 4 a. m. In other words, the passenger

train occupies the line for four hours. This time of four hours is equal

to the difference between the running time of the freight train and the

running time of the passenger train; or if we let T represent this in-
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terval of time, and tF and tP represent the total running time of the

freight and passenger trains respectively, we would have

T= tF— tP.

If there were no passing tracks on the division but one freight train

could be operated during this interval of time. If there was one passing

track on the division of only one train capacity then only one more freight

train could be operated, and if there were two such passing tracks then

only two more freight trains could be operated. So, the number of trains

that could be operated during this interval of time would be one more

than the numberjof passing tracks.

It is also quite evident that the maximum delay which could occur

to a freight train at terminal A if there were no passing tracks would be

four hours, for if it could not leave terminal A in time to reach terminal

B before the passenger train, it would have to wait at terminal A until

TerminalB /qq

\ SO

/2j'*jreys^
:;;::j-:;:::::-:;::::::::::t:-:::::::-':::



Signals and Interlocking. 341

under which the minimum amount of delay would be caused to the

freight trains, and that delay would be only the actual time which it is

necessary for a freight train to lose due to its entering a siding to be

passed by another train. This loss of time, which we will call a, may
be divided into three parts, as follows: (1) The time lost by the freight

train due to stopping for switch and starting again and getting into

clear on the siding, which time we will call b; (2) the time the freight

train must remain at rest on the siding in order to be passed by another

S,c/ipjaA

r^i^

Fig. 2.

train, uhicli time we will call e; and (3) the time lost by the freight train

in starting' from the siding and regaining its normal speed, which time

we will call c. The time (e) which a train must remain at rest on the

siding is again divided into two parts: (l),The time which it must be

into clear before the arrival of the passenger train as per rules which

may be in force, and (2) the time which it must remain at rest after

the passenger train has passed the siding. This time also being in ac-

cordance with rules which may be in force. These two sub-divisions of

tlie time (e) we will call d and d', respectively, so we would have

a= b + c + d-fd'
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Representing the running time of the freight train between sidings

by F, and the running time of the passenger train between the same

sidings by P, we would have from the diagram

S = F+c + d'— P— d^—

c

Or,
S= F + b + d— P— d—

b

Or, in either case,

S= F—

P

S in this case being the spacing in time between the two freight trains.

From this w,e learn that the minimum delay will occur to a freight

train when the Spacing between freight trains is equal to the diflference

in running time of the freight and passenger trains between the sidings.

The maximum delay would occur to a freight train when, for example,

freight number 1 arrived at siding A just too late to make siding B in

advance of the passenger train in accordance with the rules which may
be in effect, and in consequence thereof it has to wait at siding A until

the passenger train had passed that siding, in which case the freight

train would arrive at siding B on the time shown on the diagram for

train 2. The time lost by such a delay to freight number 1 would be as

shown by the diagram, equal to S, which, as heretofore shown, is F— P.

The maximum delay is then the diflFerence between the running times of

the freight and passenger trains between the sidings, and this maximum
delay will be found on a division at the point where this F — P is the

greatest.

Coming back now to the train diagram of our concrete example, it

is quite evident that the maximum F— P will be the smallest when this

F— P is the same for the space between each of the passing points ; or, in

other words, the passing tracks should be so located that the difference

between the running time of a freight train and passenger train between

them would all be equal, or, what is the same thing, the spacing between

freight trains which are to be passed by the passenger train should be

all equal.

As there is always one more space than there are passing tracks we

can construct the following formulas

:

tF— tP

N + 1

in which N equals the number of passing tracks. For example, if there

were to be three passing tracks on the 100-mile division of our concrete

example, the proper spacing between freight trains would be

390— 150
S=

4

Or, S= 60 minutes.

The proper location of this number of sidings can be easily de-

termined graphically by laying out on the diagram freight trains leaving
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terminal A one hour apart, or, at 1 o'clock, 2 o'clock and 3 o'clock, and

the points where they intersect the passenger train line would be the

proper location of the passing tracks, or on the diagram at mile posts 32,

50 and 80.

It will be noted from this diagram with such a location of passing

tracks that the running time of a freight train between each of the pass-

ing tracks, plus the time that it is either taking water or coal^ minus the

running time of the passenger train between the same sidings, is Jn each

case equal to 60 minutes. We can, therefore, establish the general rule

that the proper location of passing tracks on a double track line would

be such that the difference betv/een the running time of the freight trains,

including necessary stops, and the running time of the passenger trains,

including necessary stops, between them should all be equal. This an-

alysis does not take into consideration the use of the second main track

for passing trains.

From the foregoing it follows that the capacity of a division is

increased as the value of the time F— P is decreased. The value of this

term may be decreased by either decreasing F, which would be increasing

the speed of the freight trains, or by increasing P, which would be

decreasing the speed of the passenger trains, and it is quite evident that

the actual maximum capacity can only be reached when the value of this

term is zero, in which case passing tracks would not be needed and the

spacing of trains would usually be governed only by the longest time

which the train is obliged to remain at rest at any point upon the

division.

When all trains are running at equal speed the capacity of a division

can be expressed by the simple equation,

T

f

in which Z equals the number of trains, T an interval of time and f the

interval of time between trains. If no form of block signaling is em-
ployed, this time f is determined by the maximum length of time a train

is obliged to stop at any point on the division for any purpose, such as

for taking coal and water, in which event the time f is equal to the

amount of time which the train remains at rest for such a purpose, and
the equation for capacity under these conditions becomes

T
Z=—

D
in which D equals the length of time consumed at the stop.

If the rules or a form of block signaling is used which requires a

definite time interval between trains, then the capacity is determined by

the simple equation

T
Z=—

f

but in no case can f be less than D.
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In neither of these cases is the speed of trains or their length a

factor in determining the capacity of a division, unless it should happen

that D or f is less than the time it takes a train to travel its length.

When, however, either rules or a form of block signaling is used which

requires a definite space between trains, then the term of f depend:*

not only upon the speed and length of trains, but also upon the length

of time it requires the train to travel through the required space, and

also upon two other factors which we will point out.

(2) Capacity of a Line Without Passing Tracks.

Fig. 3 showSi two trains running as close together as it is possible

over a block signal territory. In this figure M represents the maximum

Fig. 3.

length of block in this territory and L represents the length of train.

The time d is the time that must elapse after the rear end of the preced-

ing train has passed block B before the signal at block A can be made

to indicate "proceed." This time may be fixed by rule, in manual block

operation or in automatic block operation it would be the time required
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for the signal at block A to assume a proceed position after the rear of

a train had passed into the block governed by the signal B. The time h,

which is commonly called "sighting time," is the time that must be allowed

for the following train to observe the signal A after it has assumed the

proceed position in order that the train A may continue at its normal

speed. Representing the speed of the train in miles per minute by Lv,

we would have for the value of f

:

f = h + Mv + d + Lv

and the equation for capacity would become

T
Z =

(M + L) v+h + d

If for any reason there is a necessary stop in any block, such as a stop

for coal or water, then the time lost by a train on account of such a

stop must be included in the time f, and if the time f for which the

block in which the stop occurs is the maximum f for the division, then

this stop becomes a factor in determining the capacity of the division.

In this case we would have

f =r h + Mv + d + Lv + D

In this equation M is not the maximum length of block, but it is the

length of block in which the delay represented by 1) occurs. The equa-

tion for capacity now becomes.

T
Z=

(M + L)v + h + d + D

To illustrate the use of these formulas, let us determine the capacity

of two pieces of road, over each of which only one class of train is

operated, one of these roads being equipped with manual and the

other with automatic block signaling. Let it be assumed that the trains

are one-half mile long, and that they run at the rate of speed of three

minutes per mile on both roads. On the manual block road assume that

the maximum length of block is seven miles, and for the automatic block

territory assume that the maximum spacing of signals is one mile, so

that the maximum length of block for trains running under proceed

signals would be two miles. In both cases let h equal one-half minute,

and in manual block let d be five minutes and in automatic block one-

quarter minutes. We would have then as the capacity in trains per day

For manual block,

1440

Z= = 51

(7 + .5)3-f-.5 + 5

For automatic block,

1440
Z r= = 174

(2 4-.5) 3-f .5-^.25
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ANALYSIS OF LINE HAVING MIXED TRAFFIC.

Method ok Analyzing the Capacity of a Double Track Line Where
Mixed Traffic Is Operated Is to Consider the Passenger Schedule

AS Fixed and Then Determine the Amount of Time These Pas-

senger Trains Occupy the Line, the Remaining Time Being That
Which Is Available for Freight Traffic.

BlockA

eiocHB

In Fig. 4 NW represents a freight train, N'W^ and N"W' repre-

senting other trains of equal speed.

N*X' represents a passenger or other train running at a greater speed.

It is obvious that f for the passenger train N*X* is all that the main

track capacity is reduced for freight purposes and that parallelogram

N*W^ W*N' will represent this reduction in capacity due to a single high

speed train.

BlockA

Fig. 5.

In Fig. 5, as in Fig. 4, NW represents a freight train, N^W^ and

N'W' representing other trains of equal speed.

N*X', as in Fig. 4, represents a passenger train and N*X^ represents

a second one.

From this it is obvious that when the time between two passenger

trains N*N' is less than f for a freight train which in this case equals

N*N* there is no time in which a freight train can enter the block; there-

fore,, the total time that the main track capacity is reduced for freight

purposes is passenger train time, which equals N*N* plus the time between

the passenger trains N*N* or N^N^ and the amount that the main track

capaciti' is reduced for freight purposes may be represented by the

parallelogram N^WW'N*.
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Part III

—

Application of Formulas for Analyzing a Two or More
Track Line.

Further work on this subject has been in applying the method of

analyzing the capacity of a double track line on a section of railroad 122

miles long having a heavy passenger business, there being 36 regular

passenger trains in each direction at the east end, diminishing to 19

regular passenger trains in each direction at the west end.

This line is now equipped with automatic signals.

The occupancy of the main tracks by the passenger trains, both east-

ward and westward, was first plotted and is shown on Plates 1 and 2.

To the right on these sheets will be found the mileage between sta-

tions and there is also indicated the passing tracks and third and fourth

tracks, together with the coal and water stations.

A study of the coaling locations developed that they were at places

which positively fixed their locations.

Therefore, for the purposes of analysis the line naturally divides

itself into five districts, the ends of which were either at a four-track

junction or a coal and water station.

The method of handling each of these districts was as shown for

districts from A to C on Plates 3 and 4.

Under "Present Double Track" the information from Plates 1 and 2

as to distribution of time where "main track is not available for freight

service" was copied and below same the sum of the time of this inter-

ference separately between stations A and B and between B and C is

shown.

The operating officials of this division have always felt that four

main tracks were necessary for this district and there is no doubt that

four tracks would give greater freedom of operation than three, particu-

larly when trains are late.

A study of the capacity and delays at coal and water stations de-

veloped that 45 minutes was as close spacing as could be counted on for

freight trains and on taking this into consideration, together with the

necessary occupancy of the main tracks by branch line trains from Sta-

tion C, it was determined that a four-track system was necessary between

B and C.

It must be remembered in this connection that facilities for passing

trains in both directions must be provided at the end of each district

and that if a third track is determined on, the center one of which is to

be used part of the time one direction and part the other, that passing

tracks may be required on the other two tracks.

In the district B to C the fourth track took entire care of this feature.

An examination of the chart, Plate 3, showed that in the district be-

tween A and C the interference to eastward freight movements was be-

tween 5 a. m. and 2 :20 p. m., as during the rest of the time there was no

period over 45 minutes in duration when a freight train was interfered

with in occupying the main track.
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In the same way an examination of the chart, Plate 4, showed that

the interference with freight movements was between 2 :20 p. m. and

1 :15 a.- m. Inasmuch as there is apt to be a heavy freight movement

westward in the early morning hours, it was decided to give it the ad-

vantage of a longer period of double track, particularly as this did not

in any way interfere with eastward movements.

A third track was, therefore, decided on, to be operated ordinarily

eastward from 3 :30 a. m. to 2 :20 p. m. and westward the remainder of

the day.

A comparison^ of the "Proportion of the day main track is not avail-

able for freight service" before and after shows a reduction from 10

hours and 15 minutes to 3 hours and 30 minutes eastward and from 11

hours and 45 minutes to 3 hours and 40 minutes westward.

In like manner the various districts were analyzed and a third track

with center sidings between stations G and H and between stations N
and O determined on ; also passing sidings at stations D and K.

The distributed interference to freight movements after the changes

are made shown on Plates 5 and 6 and a comparison of the total inter-

ference before and after in each direction is shown on pages 7 and 8.

Attention is called to the fact that the total interference remaining

is considerably the greatest between stations C and D westward, but an

examination of page 6 shows that this interference is so thoroughly dis-

tributed through the 24 hours as to leave great freedom of operation

and expenditures necessary to lessen the interference further was not

warranted.

In order to obtain free use of the third and fourth tracks, automatic

block signaling would have to be installed. Also new interlocking plants

would be required at stations C, G, H, N and O, there being interlocking

plants at the other points which can be enlarged. To reverse traffic opera-

tion controlled manual circuits should be installed between the interlock-

ing plants at either end of the third-track systems, with an adequate

system, either telegraph or telephone, of local communication between

these points.

The construction of 44 miles of main track and siding, of 39 miles

of automatic signaling and of five new interlocking plants, besides the

enlargement of some others, would be required. The result of this

would be the reduction in the interference of the use of main tracks

for freight service in various territories 30 per cent, to 70 per cent, and

an increase in the number of freight trains that could be handled at the

most restricted point from 21 to 29 or 35 per cent. In addition to this

the time of trains over the road would be considerably reduced on account

of reduction in delays; the capacity of the yards at A, M and R would

be greatly increased and the lost time of locomotives at these points

greatly decreased account of greater freedom and better distribution of

time when trains would be received and dispatched from these points.
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Availability of Main Tracks for Freight Service.

Legend.

I
Proportion of day main ^^^^ Proportion of day main

tracks are not available tracks are not available

for freight service with for freight service with

present track layout. proposed track layout.

Light lines indicate Present Tracks.

'Heavy lines indicate Proposed Tracks.



Present. Plate I

Distribution of Time When Main Track is Not Available for
Freight Service.
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Present. Plate II

Distribution of Time When Main Track is Not Available for

Freight Service.
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Proposed. Plate V
Distribution of Time When Main Track is Not Availal)le for

Freight Service.
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Distribution of Time When Main Track is Not Available for

Freight Service.
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Plate VII

Comparison of Proportion of Day Main Track Is Available for

Freight Service with Present and Proposed Track Layouts.
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Appendix B.

(3) REPORT ON SPECIFICATIONS ADOPTED BY THE RAIL-

WAY SIGNAL ASSOCIATION, WHICH, IN THE JUDG-
MENT OF THE COMMITTEE, WARRANT CON-

SIDERATION, CONFERRING WITH COM-
MITTEE ON TRACK ON ANY AP-

PLIANCES AFFECTING
TRACK.

Your Committee submits the following list of matters acted upon by

the Railway Signal Association at its convention in 1917 and adopted by

letter-ballot

:

list of findings^ conclusions, standards and specifications added to

the manual by the railway signal association in 1917.

Text.

Battery, Stationary Storage Lead Type:

Directions for installation of.

Drawings.

Bracket Mast Signals, Ladders for RSA 1366
Clamp Bearing and Clamp, for Six-Inch Pipe RSA 1398
Ladder Parts RSA 1362

Ladder Hand Rails RSA 1363
Ladder Platforms RSA 1364
Ladder Clamps and Stays RSA 1371

Ladders for Bracket Posts RSA 1372
Lamp Case, Electric (Details and Assembly) RSA 1222
Lamp Case, Electric (Details) RSA 1395
Resistance Adjustable RSA 1422

Storage Battery Box Concrete RSA 1433
Tang Ends Double RSA 1376
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VARIOUS TYPES OF LIGHT SIGNALS VoR DAY AND NIGHT
INDICATIONS.

For the purpose of this report, the following definitions apply:

1. Position light signal: A signal on which the various indications

are given by positions of white Hghts.

2. Color light signal: A signal on which indications are given by

colored lights only.

3. Position color light signals : Signals on which the indications are

given by the position and color of lights.

This report covers color-light and position-light signals for day and

night use.

Historical.

The following articles and reports appear in the Proceedings of the

Railway Signal Association

:

"Roundels," Dr. Nelson N. Black, Vol. I, p. 371.

"Roundel Problem," Dr. W. Churchill, Vol. I, p. 337.

"Optics of the Signal Lens," Dr. W. Churchill, Vol. Ill, n. 272.

"Signaling Installed by Philadelphia Rapid Transit Cc" page 416,

Vol. 1911. Committee X.

"Electric Zone, N. Y. C. & H. R. R. R.," pp. 424 and 427, Vol. VII,

1910. Committee X.

"P. R. R. Co., Manhattan Div.," pp. 279 and 280, Vol. IX, 1912. Com-
mittee VIII.

"Metropolitan Ry. Eng.," p. 296, Vol. IX, 1912. Committee VIII.

"Underground Railways of London, England," p. 298, Vol. IX, 1912.

"Brooklyn Bridge and Terminals," pp. 305 and 306, Vol. IX, 1912.

Committee VIII.

"Boston Elevated Ry. Co.," pp. 308, 310 and 312, Vol. IX, 1912. Com-
mittee VIII.

"Williamsburg Bridge and Delancey Street Terminals, New York,

N. Y.," p. 463, Vol. X, 1913. Committee VIII.

"Washington, Baltimore & Annapolis Elec. Ry.," pp. 471, 473 and

474, Vol. X, 1913. Committee VIII.

"Union Traction Co. of Indiana," p. 427, Vol. XI, 1914. Committee

VIIL
"Michigan Central R. R.," p. 438, Vol. XI, 1914. Committee VIII..

"Piedmont Traction Co., N. C," p. 441, Vol. XI, 1914. Committee

VIIL
"Brooklyn Rapid Transit System," pp. 444 and 453, Vol. XI, 1914.

Committee VIIL
"Illumination of Signals," Mr. T. S. Stevens, p. 580, Vol. XI, 1914.

"Brooklyn Rapid Transit," pp. 406 and 407, Vol. XTI, 1915. Com-
mittee VIIL
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The following appear in the Signal Engineer and Raih^'iiy Signal En-

gineer on colored-light signals:

"Penn. Term. Signals and Interlocking." ?*larch, 1912. i^sue, pp. 97

to 101.

"Light Signals."' June. 1912, issue, p. 213.

"Inspection of Light Signals on the T. H. I. & E." August, 1912,

issue, p. 281. and December, 1912, issue, p. 430.

"Aspects for Intermittent Contact Signals." March, 1913, issue, p. 82.

"Light Signal Performances." (T. H. I. & E.) .\pril, 1913, issue,

p. 136.

"Light Signals on the N. W. Pacific." January, 1914. issue, p. 12.

"Coming Into Its Own." Editorial. March, 1914, issue, p. 61.

"Light Signals and Signal Lights." Editorial. April, 1914, issue,

p. 94.

"Light Signals for Day and Night Indication." April, 1914, issue, pp.

97 to 103, and May, 1914, issue, pp. 127 to 134.

"The Light Signal." Editorial. May, 1914, issue, p. 123.

"Railway Signaling and the Human Eye." May, 1914, issue, pp. 140

to 144, including copy of Dr. Black's paper on the Physiology of the Eye

and Its Relation to Railway Signaling.

"Electric Light Block Signals." September. 1914, issue, p. 281.

"Light Signals for Interurban Railways." March, 1915, issue, p. 85.

"Development of Light Signals." Editorial. July, 1915. issue, p. 190.

Covering colored and position-light signals.

The following covers position-light signals only :

"The Operation of Position-Light Signals," August, 1913. issue, pp.

2Z3 to 230, and September, 1915, issue, pp. 273 to 278; also Tune, 1916,

issue, pp. 171 to 175.

The following appear in the Raikvay Age Gazette, covering position-

light signals :

January 8. 1915, p. 61; February 26, 1915, p. 366; March .5, 1915, p.

404; July 21, 1916, p. 117.

Reference may also be made to "Types of Signal Lenses," by Dr.

H. P. Gage, and reports of Electric Railway Associations, etc.

Gener.'^l.

Three types of light signals have been designed to satisfactorily and

economically meet the requirements of railroads and traction lines.

(1) A long-range signal for high speed trafiic. This requires a

concentrated light source, very efficient lenses and considerable care in

installation and alignment.

(2) The majority of traction lines and interurban railways can use

a light-signal of medium range, relatively inexpensive construction and

having considerable spread to projected beam.
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(3) There is another class of signaling where very short ranges are

required, and where medium size and expense is the deciding factor.

In referring to these signals, we will hereafter designate them as:

Long-Range,

Medium-Range, and

Short-Range.

Long-range Signals.

In broad daylight, under unfavorable sun and background conditions,

there are two alternatives open for the light source : Either a very high

wattage lamp must be used, or a lower wattage with a concentrated and

accurately located filament. (As illustrating the remarkable ''nfluence of

concentrating the light source, we refer to the April and May, 1914,

numbers of The Signal Engineer, where this subject is fully treated. Fig.

24 shows that a 24-watt concentrated filament lamp gives a peak candle-

power of 6500, and the same wattage in a commercial lamp gives 500

candlepower. To get a long-range indication, it is necessary to project a

beam candlepower of 5000 or 6000.)

The concentrated filament requires an accurate basing of the lamps

so that they may be interchanged without disturbing the alignment of the

signal. The automobile headlight requires refocusing when a new lamp

is put in place. This cannot be done with the light signal. It would

involve too much work and would also involve the employment of two

experienced men to take care of realignment whenever a lamp burned

out. Moreover, it is difficult, if not impossible, to obtain any very accurate

adjustment for maximum candlepower in the field. Such work is properly

done in a dark room. The lamps for high-speed signals are, therefore,

rebased in a special jig, which permits the accurate location of the base

with respect to the filament.

If a commercial concentrated filament lamp were to be used, the

diameter of the filament would have to be increased to allow for com-

mercial variations in lamp manufacture. It might be possible to design

a lamp filament having sufficient concentration and yet having area enough

to permit commercial variations, but, as these commercial variations per-

mit nearly J^-inch departure in all directions from a theoretical filament

location, the lamp wattage would have to be increased eight or nine times

at least to maintain the same degree of concentration and consequently

the same candlepower.

The long-range signal has a very small beam spread, on account of

the concentrated filament employed. Consequently, these signals have

been designed to facilitate accurate alignment by providing separate hori-

zontal and vertical adjustments. When it is still necessary to provide

some means of increasing the spread to take care of curved tiack, a prism

lens, which spreads or "fans" the light in the horizontal plane, but which

does not increase the vertical spread, is used, and the light is projected in

the most efficient manner possible. (See p. 131 of the May, 1914, Signal
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Engineer.) By means of this prism, the maximum possible range on

curved track is secured with the maximum possible expenditure of power.

Colored Light Signals.

Long-range Signals.

It has been found advisable, in order to increase efficiency and reduce

the size of signals, to employ a double lens, by which means a large

angle of the spherical candlepower of the lamp is intercepted. The outer

lens used at present varies from 8^ inches to 10 inches.

Medium-range Signals.

In these signals the double lens is still employed to secure high

efficiency, but standard lamps are used. The construction is relatively

simple, as no accurate location of filament has to be provided.

Short-range Signals.

In these signals, to reduce cost, the double lens is omitted and a small

lens, usually 5M inches in diameter, has been substituted. In practice a

40-watt .lamp with filaments of dififerent resistance, so that one will burn

out before the other, or two 25-watt lamps in multiple, are used. If fixed

lights are used, so as to locate the signal if the active light is extinguished,

the second lamp might be dispensed with but would be used in the fixed

light. In any event, on account of the colors cutting down the range, 35

to 50 watts per light are required.

Position Light Signals.

Only two ranges are provided: Long range, 4000 to 5900 feet, for

high signals, and short range, 1000 feet, more or less, for dwarf signals.

As colors are eUminated, the effective range per candlepower at the

lamp is greatly increased, but special provisions have to be made for

elimination of sun reflection and phantom lights ; this is taken care of

by special conical cover glasses, arrangement of reflectors and treatment

of the inverted toric lenses, and by use and position of the spherical lamp

bulb.

In practice, four S-watt lamps are used in a row in a plane at right

angles to the line of vision so that the current consumption is about one-

half of that required in the colored-light signals.

The short-range signals are not hooded, but are provided with chiffon

screens and frosted cover glasses. These require two 20-watt lamps,

burned under voltage, or a maximum of 34 watts per signal. Experiments

are now being made with the view of using same type cover glass as the

high signals and reducing the wattage per signal to 10.

The high signals are equipped with 5?^-inch lenses and cover glasses,

and the dwarfs with 4 inch.

The details of construction and development may be obtained from

the articles on this subject published in the Raihvay Signal Engineer,

August and September, 1915, and June, 1916.
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Conclusions.

(1) Colored and position-light signals, for day and night use, by

elimination of all moving parts except the control relays, reduce the num-

ber of failures.

(2) Light-signal aspects have greater visibility and range under ad-

verse weather and background conditions than the semaphore, while the

close indications compare favorably.

(3) Light signals give uniform indications at all times. Other types

of signals give the indication by position in daylight, by color at night,

and by both during transition periods. The various aspects of the position-

light signal are equal in intensity, range and visibility.

(4) In general practice, the number of aspects of any one arm of a

semaphore is limited to three. With the position-light signal, four dis-

tinctive positions may be used, while the number of indications given by

colored-light signals is limited only by the colors available.

(5) Where power is available, the cost of operating light signals is

less than for operating motor signals.

(6) Current consumption under normal automatic signal conditions

:

Position-light signals : 4S-watt lamps

—

20 watts.

One colored light : 35 to 50 watts.

For interlocking signals, consumption is increased depending upon

the number of lights displayed, but the ratio holds.

(7) Cost of maintenance of light signals is considerably less than

that of motor signals, and, as the colored-light signal has less lights to

renew, it has an advantage in this respect over the position-light signal.

(8) The field for the economical use of light signals is limited, as

noted above, to points where power js available. In this field, the light

signals have advantages over other types. The position-light signal can

be installed at any location where clearance will permit the present stand-

ard semaphore to be erected. The colored-light signal can be used in

more restricted clearances.

The following is submitted as supplemental information

:

Three-Position Combination Semaphore and Colored Light Signal

Used on the N. Y., N. H. & H. R. R. in Electrified Zone,

Between New Haven and New York.

Where two-position home and distant signals were formerly in service

it was necessary, on account of the catenary construction, to suspend

these signals from the catenary bridges and between trolley wires. In

order to procure the proper clearance and provide a signal blade of proper

length, it was necessary to attach the blade to the signal in the center

of same, thus making what is known as the center suspended signal. As

it was desired to procure a three-position signal, it was necessary to re-

design the apparatus so as to give the three indications. As the center

suspended signal could not be used for this purpose, it was decided to
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use the standard R. S. A. semaphore spectacle casting and attach to it a

short blade. This, of course, did not give a very distinctive indication

to the trainmen, and, in order to procure this indication, they developed

an electric lantern with a high-powered reflector and installed it in place

of the standard semaphore lamp; the result being that on acccunt of the

high candlepower light it is serviceable during the daylight hours as well

as during the night, the light really predominating, the result being that

the signal is commonly termed a light signal, while in reality it is a

standard semaphore signal with powerful light. This signal, Mr. C. H.

Morrison, their signal engineer, states, is far superior to any other signal

they have tried in the territory where they operate. He further states

:

"During dawn and dusk, when it is difficult to see a semaphore arm

or a semaphore light, these lights are the most powerful, for the reason

that during the daylight we operate on full voltage and during the night

on half voltage, the voltage not being reduced until it is dark and increased

as soon as daylight appears. One other advantage these signals have

over signals that we have tried is that on account of the high candle

power and the color of the light during extreme foggy weather the lights

seem to illuminate the fog: that is, when the fog is so dense that objects

can be seen but a very short distance, it is possible to see the color of the

light in the fog, even though the outline of the signal on the bridge

cannot be seen. On account of this signal giving such a good indication,

an effort has been made to develop a signal without the semaphore ap-

paratus that would give a similar light indication and be known as a

light signal."

While they have succeeded very well in this development, thej' have

not yet reached the stage where the details would be of general interest.

"In the combination signal 8-volt 40-watt lamps, specified to burn

1000 hours, are used—one bulb per lamp. These are operated at 7 volts

(35 watts) by day and 3^ volts at night, thus increasing the life of the

lamp 200 to 300 per cent. Instructions require that lamps shall be re-

newed every 90 days, so that an excellent light is secured during this

period, as well as a large factor of safety in continuity of illumination.

The reduction of voltage at night is necessary to prevent too much glare,

which would otherwise be created.

"The candlepower at 7 volts is 14; at 3'/2 volts is V/i; but, on account

of the parabolic reflector and the lenses, the effective candlepower at

7 volts 50 feet from the unit ranges from 5500 within an arc of 2 degrees

of the beam axis to 1000 candlepower within an arc of 6 degrees of the

axis; that is, a spread of 12 degrees ranging from 1000 to 5.500 effective

candlepower. Tungsten helical filament ^ inch long and 5/64 inch deep,

with 7 turns, is used in the Inilb, which is placed in a Peter Gray lamp

with 6-inch reflector."

The signals can accurately be interpreted at fairly close range.

With the usual location of signals, the cab is well within the range of
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the colored beams with the front of the engine at, but not beyond, the

signal.

With one type of spectacle and lamp bracket, tests show that with

the signal 15 feet above the eye of the engineman, that is, 25 to 30 feet

above the rail, the lamp shows beneath the semaphore with signal "clear"

at 24 feet 45 degrees, 15 feet and degrees at less than 6 feet, while it

ceases to show through the proper roundel 90 degrees at 8 feet, 45 degrees

at 7 feet and degrees at 6 feet. With another type of spectacle, the

light shows through the roundel below (a less restricted indication than

it should display) \ or beneath the semaphore with signal 45 degrees at

17 feet, 90 degrees at 14j^ feet and degrees not given; and ceases to

show through the proper roundel at degrees and 45 degrees, 7 feet,

and at "clear" 6 feet, thus comparing very favorably with the R. S. A.

standard semaphore. As far as we know this type of signal is used

exclusively by the N. Y., N. H. & H. R. R. Co.

Position-Light Signal—Pennsylvania Eastern Lines Exclusively.

The development in the past year has been along the lines of inter-

changeability and reduced cost of construction and a further reduction

in cost of maintenance and operation.

The recent adoption of the two-arm interlocking home signal as

standard, in place of the three-arm, has greatly simplified the construc-

tion of the light signal by the elimination of several aspects and, con-

sequently, .of various shapes of backgrounds, by lowering signals on

bridges into the bridge chords, thus doing away with ladders and plat-

forms and permitting the use of R. S. A. standard masts for nearly all

signals.

All of these features have tended to reduce the first cost, but, in

addition to these changes, it has been found that a background is un-

necessary for the signal light that is used for the distinctive mark of

the automatic signal, and it has been eliminated. Inset shows the aspects

now adopted as standard. With the signal developed by one manu-

facturer, the background is adjustable so that it can be used for all the

three-position aspects displayed, so that for roads not using a distinctive

permissive signal the two backgrounds shown for aspect No. 8 are all

that are needed, the bottom background for this aspect being mounted

horizontal where semaphore top arm would be fixed. The way in which

the background may be turned is shown in aspect No. 6. For signals

showing four positions, background No. 5 is used. The addition of

No. 10 makes a maximum of four backgrounds for this system, with

only two in general use.

The arms that support the light units are now removable from the

grids in all new signals produced by either of the manufacturers now
making them, so that changes can be made without changing the grids.

Loricated conduit is bein gused for these arms by one of the makers.

It will, therefore, be seen that great progress has been made in
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reduction and interchangeability of parts ; with the aspects shown the use

of same voltage day and night has been found entirely satisfactory. This

effects a saving in expense by elimination of the wires, relays and switches

formerly used for changing the voltage, while the use of the "hght-out"

relay makes it possible to safely use a single horizontal row for "stop,"

the rows in the bottom signal unit being displayed only when necessary.

The practice of displaying aspect 2 on an interlocking signal instead of

aspect 3, when it is desired to admit a train to an occupied track within

interlocking limits in automatic block territory, is being made universal

where position-light signals are used, and considerably expedites opera-

tion, as recent instructions on the road require a stop before such move-

ment is made.

An improved lamp receptacle employing a plunger instead of a flat

contact surface has demonstrated its value in always insuring a good con-

tact.

It was originally thought that "tipless" bulbs must be employed to

prevent sun glare, but three years' experience has shown this was un-

necessary. The bulbs with tips are a commercial product. They have,

therefore, been adopted, resulting in better base sealing, more permanent

vacuum, longer life, and reduced cost. The most interesting work, how-

ever, has been in connection with the filament, in an effort to obtain longer

life and give more leeway in rebasing.

Naturally, with the low candlepower used, proper location of the

filament in relation to the lens is absolutely necessary and is obtained

by proper rebasing. Care in this one particular is most important. Lack

of care results in "spotty" lights. Rebasing is done in the shop ^nd usually

by one man, and results have been good except in a few cases where an

unskilled substitute for the regular man was assigned to the work. It is

desirable to so design, if possible, that anyone can do this work with a

minimum of instruction and skill.

As to lamp life : Records show that on the 20-mile section of four-

track road with 1879 high signal light units the renewals in 1917 totaled

1453, an average effective life of 14^/2 months. These signals had two

rows burning constantly at 11 volts or 6 volts, so that practically one-half

the lamps were in service at all times, with an actual life of 7j4 months,

or 5220 hours. Therefore, the lamp renewals on a three-pcsition unit

and bottom row amount to a little over 12 lamps per year at a cost for

lamps and labor of rebasing of about $5.00 per annum.

By the elimination of the lower row in the new aspects, this is re-

duced to 8 lights at about $4.00, while by the use of the bulb with tip

this is further reduced to about $3.20, where lamps are burned at 11 and

6 volts. This cost in turn will be slightly increased where the lamps are

burned at about 11 volts constantly; but the average cost is conservatively

figured at $3.50 per annum.

The effort is to reduce this still further by using a V-shaped filament

in place of the helical coil, and experiments are being made along the
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lines. The filament is not as concentrated as tlic helical and, therefore,

does not require nearly as much care in rebasing; being machine instead

of hand-made is cheaper to produce; is much more rugged; and under

voltage has a longer life—all decided advantages; on the other hand, being

less concentrated, it must have a slightly higher candlepower with re-

sulting increase in current; the 13-volt 9-candlepower lamps burning at

9^ volts now being tried out give a brighter light than the standard

rated 12-volt 5-candlepower lamps burning at 11 volts, but are not as

efficient, consuming 40 per cent, more current, although this increase is

almost negligible where power is available. Probably a lower candle-

power burned at around 11 volts, instead of 9l4, is a better preposition.

The problem is, of course, to so balance the cost of current and the

lamp renewals as to obtain the most economical proposition, which in its

last analysis means saving a few cents on each light, w"liich in the aggre-

gate will amount to a considerable sum, as the use of this type is ex-

tended. Data at present available points to the use of helical coil for

battery-fed lamps and the V-shape where power is available.

The results are not as satisfactory with the dwarf signal. With 117

units, 305 16-candlepower lamps have been renewed; two-thirds of the

lamps are burning constantly, so that while the effective life of the

lamps is 414 months, the actual life is 3 months, and renewals per year per

lamp cost $5.00, or, with the tip bulb, $3.75 ; that is, the cost of lamp

renewals is greater than for a high signal.

These lamps do not require careful adjustment, and their develop-

ment is along the line of lower voltage with same w-attage, but burning

considerably under the rated capacity, and as the current for only one

lamp is broken through the rela}^ contacts, a modified automobile lamp

is well within the possibilities ; this, with its rugged filament, should last

a long time.

In conclusion, it may be said that no effort has been made to improve

the visibility of the signal, as it is entirely satisfactory and its use is

being steadily extended, the management and employes being in favor

of it, but along the line of still further reducing the construction and

already low maintenance costs. No false "clear" failures occiired during

the year cited in this installation; in fact, none have occurred during the

three years they have been in service which were chargeable tc the signal,

and, of course, no errors are made in reading at close range, as the

iispects are clearly visible up to the signal, while in fog the angle of the

light beam can be seen before the lamps themselves are distinguishable.

Colored Light Signals : One manufacturer advises that no changes

of sufficient importance have lieen made to warrant particular mention,

except that the maximum size of the outer lens for long range signals

has been reduced to 6^-inch diameter. Another manufacturer advises

:

The first published and advertised test of a light signal was conducted

on the Michigan United Railway, an electric line operating out of Jack-

son, Michigan. This was brought about largely by a law enacted within
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the State of Indiana, compelling these lines to protect their traffic with

automatic signals, and the development of a light signal was a step toward

econom}^. Prior to this test, serious consideration had not been given

to a colored light signal for high speed work. The signal used at that

time was made of wood and had all sorts of combination reflectors, lamps,

lenses, etc., with means of securing any focus desired. They were able

to get a signal which gave a satisfactory indication approximately 750 feet.

From this on, it has been constantly a series of experiments with various

kinds of reflectors, lamps, etc., but the greatest single element contribut-

ing to the present satisfactory colored light signal was the development

of the concentrated filament incandescent lamp. Of course, the com-

bination of lenses has contributed to the present development, but such

a combination of lenses was impractical in the earlier days before the

concentrated lamp was manufactured.

At the present time we do not use reflectors, as the use of a re-

flector was apt to cause a phantom signal when the rays from the sun

or headlight penetrated the signal at a certain angle.

Considerable trouble was experienced in reading the signal at short

range.

Type of Signals.

There are two general types of colored light signals:

(a) Indoor or tunnel type.

(b) Outdoor type.

The indoor type is comparatively simple, as it is used in dark or

semi-light locations and only a limited range is required, hence the optical

problem involved is easily solved.

The outdoor type of colored light signal presents much greater dif-

ficulties from the optical standpoint, as it must give a distinctive indica-

tion under bright sunlight conditions. This must be discernible at a range

of about 3000 feet for steam road or high speed interurban electric service.

Indoor Type of Signal Units : Aspects—Signals are made up in 2

or 3-lens units to give the aspects required for two-position or three-

position signaling. A two-arm signal is obtained by combining two 3-lens

units.

Lenses : For indoor service a single standard optical lens of 5-inch

diameter and 35/2-inch focus is used of the color to give the indication

desired. The lenses are usually arranged

Top—green ; Middle—yellow ; Bottom—red.

The same cast-iron case is used for a short-range outdoor light

signal, which can be seen at a distance of about 1000 feet. This uses

"double lenses."

Lamps, Incandescent: The standard arrangement is to use one lamp

behind each lens. This has a double filament, having different character-

istics, so as to minimize the likelihood of both burning out siniultaneously.

This gives a reserve effect by using only one lamp and permits of the
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entire source of light to be placed on the focus of the lens. This gives

a desired strength of indication with less wattage than when using two

incandescent lamps in parallel behind each lens, as one of these lamps

must necessarily be off focus.

Low-voltage lamps are employed as standard. These .^re rated at

14 volts, 10 watts, 8 candlepovver, but are burned at about 10 volts. At
this voltage the lamp takes about 6 watts and its life is greatly increased

due to the reduced voltage at which it is burned.

The use of a low voltage lamp also gives a strong filament, which

will stand rough usage without breaking. The filaments of low wattage,

high-voltage tungsten lamps are quite delicate and such lamps must be

handled very carefully and the percentage of breakage is high.

• The lamps used for indoor signals are of the Edison medium screw

base type, with an S—14 size bulb.

Outdoor Type of Signal Units. These are of two classes

:

(a) Long-range class—3000 ft. range.

(b) Short-range class—1000 ft. range.

The short-range class uses the same cast-iron case as the indoor or

tunnel signal, but has a special lens arrangement known as the doublet

lens combination and requires higher wattage lamps than the indoor

signal.

The long-range signal has larger doublet lenses than the short-range

signal and takes a larger size and larger wattage incandescent lamp.

Short-Range Class of Outdoor Colored Light Signal Unit : Aspects

—

Each lens unit comprises two lenses, one mounted behind and close to the

other. This is known as a doublet lens combination.

The outer doublet lens is a clear lens of 5-inch diameter and 254-inch

focus. The inner doublet lens is the color specified and has a diameter

of 3ys inches and a 5^-inch focus. This short focus of the inner doublet

enables practically all of the light from one side of the lamp filament to

be collected by the inner lens, whereas a long focus lens collects only a

small portion of the light from one side of the lamp filament. The in-

candescent lamp must be set very close to the inner doublet lens due to

its short focus. For this reason, it is not practical to use two lamps

behind a lens, and the double filament lamp was employed to provide a

reserve light or its equivalent.

The outer doublet lens receives the light from the inner doublet and

refracts it so as to give parallel rays, as the rays of light from the inner

doublet lens are not parallel.

Outer doublet lenses are also made of special design, known as half

toric. The steps on one side of this lens are shaped differently than for

the rest of the circle or step. This bends the rays from this portion of

the lens at an angle instead of giving parallel' rays, and thereby increases

the spread of light to one side. The toric lens can be used when signals

are located on grades or curves or when it is desired to see the indica-

tion with the observer nearly opposite or underneath the signal. The



368 Signals and Interlocking.

half toric portion of the lens appears as a dark spot when the observer

is directly in line with the signal, but becomes light as the angle of ob-

servation is increased. The total spread of a regular 5-inch diameter'

outer doublet lens is about 12 degrees, or 6 inches either side of the focal

axis, while the half toric lens increases the spread on one side only to

about 10 degrees.

Lamps, Incandescent : A higher wattage lamp is required for the

outdoor signal than for the indoor service. The short-range signal unit

uses a 14-volt, 3()-\vatt double filament lamp G-16I^ clear bulb; lamp is

burned at from 12 to 13 volts to give long life.

Hoods and Backgrounds : These can be furnished as a part of the

signal, if conditions necessitate same. Hoods are usually required, but

backgrounds have not been used to any extent, as they do not materially

increase the range and are objectionable in many cases, as they make it

difficult to keep the signal from infringing on the clearance available.

Long-Range Class of Outdoor Type of Colored Light Signal Unit

:

Lenses—Doublet lenses are employed. The outer doublet lens is 8}i

inches in diameter and 4-inch focus, and is made of clear glass. The

inner doublet lens is 5^-inch diameter and has a focal length of J/j inch.

The color is as specified. The outer doublet lens can be furnished of half

toric design if increased spread in one direction is required.

Lamps, Incandescent : These are 14-volt, 40-watt double filament

lamps with Edison medium screw base and S—19 size bulb. Lamps are

burned at from 12 to 13 volts in service.

Hoods and Backgrounds : Hoods are always supplied. Backgrounds

can be furnished if required.

Lamp Adjustment: In order to take care of the variations in lamps

as received from lamp manufacturers, an adjustable bracket is located

in the compartment behind each lens in all types of light signal and the

lamp receptacle and lamp are mounted on same. This bracket consists

of three plates held together by screws. By loosening the screws any

of the plates can be shifted. This permits of vertical and horizontal ad-

justment of the lamp so as to bring the center of its filament on the focus

of the lens.

Installation of Colored Light Signals

:

(a) Large numbers of indoor and short-range outdoor colored light

signals have been furnished to the New York Municipal Railways.

(b) Long-range outdoor colored light signals have been furnished

to the Chicago, Milwaukee & St. Paul Railway for use on their electrified

divisions, and to a number of high-speed interurban trolley lines in In-

diana. Colored light signals have not been used to any extent on steam

roads, being required by trolley lines or electrified steam roads where

alternating current power and power transmission lines are usually

available.
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AUTOMATIC TRAIN CONTROL.

As an aid to those taking up the subject, it is desirable the following

data in regard to classification of devices and reports of official tests

made by the Block Signal and Train Control Board and by the Bureau

of Safety, Interstate Commerce Commission of train control devices, be

given as information.

- The train control devices that have been tested and those that have

been developed to the extent that models have been made or patents

issued may be divided into the following classes or type

:

1. Mechanical trip.

2. Electric contact rail.

3. Insulated track rail.

4. Magnetic inductive.

5. Inductive.

6. Hertzian wave or wireless.

Devices Tested.

Rowel l-Potter Safety Stop.

This included an automatic signal system, with signals operated by

power stored by a passing train, and a mechanically operated train stop.

Tested on the Chicago, Burlington & Quincy Railroad, near Aurora.

111., between December, 1908, and May, 1909. Report of test published

in second annual report of Block Signal and Train Control Board.

Harrington Train Control and Alarm.

An overhead mechanical trip, and audible cab signal.

Tested on Erie Railroad, near Englewood, N. J., between January,

1910, and May, 1910. Report of test published in third annual report of

Block Signal and Train Control Board.

LaCroix Train Control System.

An automatic stop and cab signal system of the intermittent con-

tact rail type.

Tested on Staten Island Rapid Transit Railway, between March

and ]\Iay, 1911. Report of test published in fourth annual report of

Block Signal and Train Control Board.

Warthen Cab Signal and Train Control System.

A cab signal and automatic train stop of the intermittent overhead

contact type.

Tested on the Buffalo, Rochester & Pittsburgh Railway, near

Rochester, N. Y., in April, 1911. Report not pubHshed.

369
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Railway Automatic Safety Appliance Co.

An automatic stop device, of the mechanical trip type, controlled elec-

trically.

Tested on the Pere Marquette Railroad, near Saginaw, Mich., between

March and May, 1911. Report of tests published in fifth annual report

of Block Signal and Train Control Board.

Jones Signal System.

An automatic train stop of the mechanical trip type, electrically con-

trolled.

Tested on the) New York Central, near LaSalle, N. Y., in March,

1913. Report not published.

Gray-Thurber Train Control System.

An automatic train control system using a short section of insulated

track and an insulated portion of the train.

Tested on Pittsburgh, Fort Wayne & Chicago Railway, near Pitts-

burgh, in June, July and December, 1912. Also from April to July, 1914.

Report published as part of the report of the Chief of the Division of

Safety, Interstate Commerce Commission, for 1914, as House Document

1482, 63rd Congress, 3rd Session.

American Train Control Co.

An automatic train control system of the intermittent electrical con-

tact type.

Tested on the Maryland & Pennsylvania Railroad, near Baltimore, in

November and December, 1914. Report of tests published as House

Document 1541, 63rd Congress, 3rd Session.

Gollos Railway Signal Company.

An automatic train control system of the intermittent electric con-

tact type.

Tested on the Chicago, Burlington & Quincy Railroad, near Aurora,

111., from August to October, 1915, and from February to April, 1916.

Report of tests published as House Document 1192, 64th Congress, 1st

Session.

Wooding Train Control System.

An automatic train control system of the intermittent electric con-

tact type.

Tested on tlie Delaware, Lackawanna & Western Railroad, between

Hoboken and Newark, N. J., in May and June, 1915, and from January

to April, 1917. Report of tests published as House Document 251, 65th

Congress, 1st Session.

American Train Control System.

This has been installed on the Chesapeake & Ohio Railroad on seven

miles of their single track main line between Gordonsville and Cobham,
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Virginia, and practically all the engines have been equipped that operate

over that district. Plans are being made for some extension of the sys-

tem.

This is a ramp or intermittent contact type, and is a development of

the Jones System tested by the Interstate Commerce Commission on the

Maryland & Pennsylvania Railroad and previously referred to in the

Association Proceedings. No especially novel points of construction are

indicated, but the defects existing in the old Jones System are being

eliminated. Cab signals are used, but, the installation being on a piece

of unsignaled track, no roadside signals exist.

Shadle Automatic Train Control.

This is a ramp or intermittent electrical contact type of train con-

trol, and was tried on the Chicago, Indianapolis & Western Railroad,

near Indianapolis, although only some demonstration runs were made.

There is nothing especially new in the device, and it does not vary in

principle from those of this type that have been tested, but the difference

is in the detail design. Standard electro-pneumatic valves are employed

as relays to operate contacts for the engine circuits as well as to control

the main air valves. The arrangement of circuit is such as is intended to

get the desired results even should the contact with the ramp be very

brief, owing to weather conditions or mechanical imperfections. The

device may be used with any of the commonly used signal control circuits.

National Safety Appliance Co.

This company, of which F. F. Bostwick of San Francisco is president,

has made a small installation at Oroville, Cal., on the Western Pacific

Railway. It is of the induction type and consists of permanent magnets

placed in the track, properly housed, with a "keeper," which is placed

across the poles of the magnets by a signal movement when the block

is clear. When the block is occupied, the "keeper" falls away by the

releasing of the slot in the signal mechanism, leaving the magnetic field

in a condition to act on the magnets carried on the engine tender. These

magnets are arranged in pairs, one pair for each direction, and consist of

permanent magnets holding an air valve closed. The engine magnet

poles oppose those of the track magnet, so that when a track magnet,

with its "keeper" up, is encountered, the magnetic field causes the arma-

ture of the engine magnet to be released, which acts on the main air

valve, producing a stop. Ordinary signals are not used at Oroville, but

there is no reason why they could not be, and the device made to work

with any of the commonly used signal control circuits.

Schweyer Automatic Train Control.

This system is an induction scheme on rather a different principle

from the other schemes of this nature which have been proposed. A
coil is constantly energized by a. c. current from the engine generator,

and when this passes over a piece of iron properly located on the track,
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the flow of current is greatly decreased by the magnetic resistance in the

coil, brought about by the iron on the track acting as an armature, and

this causes the main engine relay to be de-energized, opening the circuit.

If the block is clear, the engine circuit is maintained by means of direct

current picked up from the track through insulated sections of the track

or by special coils energized by a roadside battery placed between the

rails, if electric traction prevents the use of d. c. track circuits. In this

system, therefore, the induction part is used to stop the train and not

to give it a clear signal, as has been proposed in other systems.

The apparatus on the track consists of the ramp acting as an arma-

ture, but it has no 'physical contact with the engine apparatus. It must of

necessity be far enough above the rail so that it will influence the magnet

and yet prevent the engine magnet from being influenced by passing over

a switch lead or a double slip switch. The engine apparatus consists of

four relays, all of which are of standard design with modifications to meet

the conditions. The alternating current as well as the direct current em-

ployed are generated by a turbine of the same type as used for electric

headlights. Transformers and condensers are used to control the current

properly. The air apparatus is rather complicated, although any air valve

could be used.



REPORT OF COMMITTEE II—ON BALLAST.

H. E. Hale, Chairman; ]. M. Me.\de, Vice-Chairman

;

C. W. Baldridge, S. B. Rice,

J. S. Bassett, H. L. Ripley,

W. J. Bergen, Paul Sterling,

Theo. Bloecher, Jr., B. B. Shaw,
H. E. Boardman, F. J. Stimson,

C. J. Coon, D. \V. Thrower,

T. W. Fathfjjson, D. L. Sommerville,

G. H. Harris, W. K. Walker,

F. A. Jones, R. C. White,

J. S. McBride, \V. D. Williams,

William McNab, Committee.

To the American Railway Engineering Association:

The Committee submits herewith its annual report for 1919.

The subjects assigned to the Committee bj^ the Board of Direction

were as follows

:

Sub-Committee Xo. 1.

J. M. Meade, Chairman; Special Engineer, Atchison, Topeka & Santa
Fe Railway, Topeka, Kansas.

C. W. Baldridge, Asst. Engineer, Santa Fe Railwaj^ Chicago, 111.

B. B. Shaw, Division Engineer, Rock Island Lines, Little Rock, Ark.
F. T- Stimson, Superintendent, Pennsylvania Lines West, Richmond,

Ind.

(1) Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

(2) Recommend subjects for consideration of the Ballast Commit-
tee next year, considering the possibility of starting inquir\- on this sub-

ject during the year 1918.

SUB-COMMITTEE Xo. 2.

H. L. Riplcv, Chairman ; Corporate Chief Engineer, N. Y., N. H. &
H. R. R. Co., Boston, Mass.

T. W. Fatherson (in Military Service).

G. H. Harris, Asst. Chief Engineer, Michigan Central Railroad, De-
troitj Mich.

William McNab, Chairman Valuation Committee, Grand Trunk Rail-

way, Montreal, Canada.
S. B. Rice, Engineer Maintenance of Way, Richmond, Fredericks-

burg & Potomac Railroad, Richmond, Va.
Paul Sterling, Maintenance Engineer, N. Y., N. H. & H. R. R., New

Haven, Conn.

(1) Report on methods and comparative cost of applying ballast,

giving special attention to the organization of the ballast gang.

SUB-COMMITTEE X^O. 3.

C. J. Coon, Chairman; Engineer Alaintenance of Way, Grand Cen-
tral Terminal, New York.
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W. J. Bergen, Chief Corporate Engineer, New York, Chicago & St.

Louis Railroad Co., Cleveland, Ohio.
H. E. Boardman, Engineering Assi-stant to the General Valuation

Counsel, New York Central Lines, New York City.

D. L. Sommerville, Superintendent New York Central, Lines East,

Rochester, N. Y.
W. D. Williams, Chief Engineer, Cincinnati Northern Railroad, Van

Wert, Ohio.
Theo. Bloecher, Jr., Division Engineer, Baltimore & Ohio Railroad,

Philadelphia, Pa.

(1) Study and report on design of gravel washing plants.

(2) Study and report on design of stone crushing plants.

Sub-Committee No. 4.

J. S. McBride, Chairman; Principal Assistant Engineer, Chicago &
Eastern Illinois Railroad, Chicago, 111.

J. S. Bassett (in Military Service).
F. A. Jones, General Roadmaster, Missouri Pacific Railroad, Wynne,

Ark.
D. W. Throv/er, Valuation Engineer, Illinois Central Railroad, Chi-

cago, 111.

W. K. Walker (in Military Service).
R. C. White, Assistant Chief Engineer, Missouri Pacific Railroad,

St. Louis, Mo.

(1) Report on the proper depth of ballast of various kinds to in-

sure uniform distribution of loads on the roadbed, conferring with
Special Committee on Stresses in Railroad Track and Committee on
Roadway.

COMMITTEE MEETINGS.

Two meetings of the General Committee were held during the year,

one in New York on June 28, 1918, when five members were presert,

and one in Chicago on November 19, 1918, when nine members were

present. Various sub-committee meetings were held.

GENERAL.
Due to conditions caused by the War, it has been very difficult for

your Committee to obtain much of the data which it desired and pre-

sents herewith such as has been obtained.

Sub-Committee No. 1.

Your Committee at this time does not wish to recommend any im-

portant changes in the Manual.

For subjects for consideration of the Ballast Committee in 1919,

your Committee recommends the following:

(1) Report on proper depth of ballast of various kinds to insure

uniform distribution of loads on the roadbed, conferring with the

Special Committee on Stresses in Track and Committee on Roadway.

(2) Report on methods and comparative cost of applying ballast,

giving special attention to the organization of the ballast gang.

(3) Study and report on the design of gravel washing plants.

Study and report on the design of stone crushing plants.
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(4) The use of reinforced concrete slabs or other devices to assist

the ballast in distributing the load on soft roadbed.

Sub-Committee No. 2.

The work assigned to the Sub-Committee is as follows :

"Report on methods and comparative cost of applying ballast, giv-

ing special attention to the organization of the ballast gang."

Realizing the condition of stress due to the war under which all

railroad men would be working, your Committee has confined itself to

the organization of the ballast raising gang, only touching incidently

upon cost or work preparatory for and subsequent to the putting in of

the ballast.

Cost figures are always interesting and often instructive, provided

their scope is precisely defined and clearly understood. If incomplete

or indefinite as to the nature and scope of the work they cover, they

are misleading and not illuminating, and although they may be true in

themselves, they may also be so open to misunderstanding as tc have -

all the effect of serious error.

Partial figures are sometimes of value if accompanied by proper

modifying clauses such as:

Pay-roll and local supervision only;
Proper charge for locomotive included, but nothing for cars;

No charge included for use of tools and supplies

;

Pit open and track in place;
Engine and train crew included, but no rental or fixed charges on

equipment used except rent for locomotive;
Liability insurance omitted.

A circular letter was sent out to the roads represented in the Asso-

ciation to which letter was attached the tentative diagram presented to

the Association at its last annual meeting in March, and later printed in

the Bulletin. Representatives of the carriers were requested to furnish

the Committee with a diagram similar in form showing their typical bal-

last gang, together with a brief narrative description of the method of

using the gang to the best advantage, and any cost figures they might

have available.

Some few replies have been received and they have led your Com-
mittee to modify the tentative diagram, principally in the way of increas-

ing the number of jackmen, forkers and tampers and restating the

flagging requirements.

Notes have been added calling attention to certain matters, among
others the fact that upon old track in commercial service, another gang

would be required to prepare the way for the ballast raising gang. It

is understood, of course, that a finishing gang will follow the ballast

gang, after the ballast has been consolidated under traffic, to put the

track in proper surface and line, dress the ballast section, dress shoul-

der, etc.

Some suggestions in the way of detail methods have been made, as

follows

:
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It is helpful to number the men and chalk their numbers on the rail

over the particular ties these men are to tamp. The New York Central

and the Santa Fe both say it pays in the quality of work obtained.

The Norfolk & Western suggests that the head flagman, whose

duties will be light, can tighten bolts and in some instances dig jack

holes. The rear flagman can put on rail anchors and tidy up without

interfering with his job. This presupposes that the flagging will be done

by one of the ballast gang as would be the case on a new line. If regu-

lar trainmen are used on an operated line, such work presumably could

not be required fram them.

Several commdnt that a tamping spade, heavy and narrow, is better

than pick or bar for the first tamping after a raise.

Agreement is pretty general that on an operated track, an advance

gang digging out spent ballast, widening shoulder, renewing ties and

making general preparation for the spreading of the new ballast, should

be handled as a separate unit well in advance of the ballast gang. If

track has to be lowered under overhead obstructions, bank Avidening is

required or similar work has to be done. This preliminary work may
require a large force and special facilities.

Opinion seems to be divided whether the lifting jacks should be

worked in a bunch or in two sets a short distance apart as recommended

by the Committee. The Committee would like an expression of opinion

of members from the floor on this point.

The Pennsylvania Railroad suggests that on new construction the

tampers should be spread out more than is indicated on the diagram.

Suggestions have been made that the head jacks should be heavy

No. 6's, which weigh 99 lbs. and would require tAvo men to a jack instead

of one. The Committee has accepted the suggestion and modified its

diagram accordingly.

There has been heretofore no recommended practice for the guid-

ance of the carriers in connection with the organization of a ballast

gang having the endorsement of the Association. An outline has now
been presented to the Association for two successive years. It was felt

to be of too much importance to be decided by a small committee and

the carriers have been twice circularized concerning the matter. In each

case, a tentative organization was presented to them as a target for

their criticism. Their answers have resulted in the diagram submitted

herewith.

Your Committee realizes that circumstances must govern, and any

typical organization must be modified to meet local conditions. The dia-

gram is submitted as a guide and as representing good practice under

average conditions.

Conclusion.

The diagram as presented should be published in the Manual as rep-

resenting good practice in the organization of a gang to raise track on

new ballast under normal conditions. (See Fig. 1.)
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Make reference in the Manual to Bulletin No. 204, dated February

1918, pages 686 to 692, and by similar citation to the information pre-

sented in this report and the appendices thereto.

Further study should be given to the organization of an advance

skeletonizing and tie renewal gang, and to a follow-up or finishing gang.

SUBJECTS ASSIGNED TO SUB-COMMITTEE No. 3.

1. Study and Report on Design of Gravel Washing Plants.

2. Study and Report on Design of Stone Crushing Plants.

At first it wis thought possible to design a general plan and give

brief description or specifications for several typical stone crushing and

ballast washing plants ; but when local conditions were taken into con-

sideration, it was found practically impossible to design such typical

plants which would fit all local conditions.

It was, therefore,, decided that probably the most helpful method of

handling this subject would be to include in the Proceedings a general

plan and brief description or specifications of any successful plants which

could be obtained.

Therefore, some thirty (30) carriers were circularized with regard

to the subject of the design of these plants, and fourteen (14) answers

were received; but due to the conditions prevailing during the war, it

was impossible to get much information upon this subject.

Five plants have been described, and are illustrated in Figs. 4 to 11,

which, together with other plants, both gravel washing and stone crushing,

previously described in the Proceedings, the Committee considers the

nucleus to which additional similar data may be added as the same is

acquired.

Conclusion.

It is recommended that these two subjects be again referred to the

Committee for further consideration and report in the coming year.

Method of Cleaning Stone Ballast.

Under this subject the Committee was fortunate in obtaining from

W. C. Gushing, Chief Engineer of Maintenance, Pennsylvania Lines West
of Pittsburgh, a copy of the descriptive instructions of two methods of

cleaning stone ballast, which were issued in 1915 to certain Division

Engineers to be followed as a part of the regular ballast cleaning pro-

gram of that year. Mr. Gushing advises that, due to unsatisfactory labor

conditions, conclusions have not yet been reached, and until the supply

of labor permits the railroads to return to a more normal condition, it

is probable that very little can be learned from a comparative test of

these methods.

The instructions in question follow:
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Instructions for Cleaning Ballast.

A—Not in connection with tie renewals.

GENERAL.

The space between the ties (cribs) to be cleaned to the bottom of^the
ties, the space between tracks to be cleaned to 6 in. below the bottom' of
the ties, and the shoulders outside of the ties to be cleaned down to the
top of the sub-ballast, where any. Where there is no sub-ballast, clean
to the sub-grade.

Every fifty feet one crib to be cleaned out to a line, on a uniform
grade between the bottom of the center ditch and the sub-grade outside
the track to form a cross drain from the center ditch.

ORDINARY FORK METHOD.

Under the ordinary^ method, the ballast to be cleaned in the usual
manner by shaking the ballast on forks and throwing the cleaned ballast
remaining on the forks back into the track, and the small particles of
ballast and dirt which pass between the tines of the forks to be dis-

posed of by throwing it over the bank, or by any other way that may be
expedient. When the dirt can be disposed of by throwing over the bank,
its cost may be included in with the cleaning. When it is necessary to
move the dirt any distance it shall be thrown into piles and the cost of

doing so included with the cost of cleaning, but the cost of removing it

afterward shall be kept separate and not made a part of the cleaning
cost.

Under this method of cleaning it will not be necessary to use a defi-

nite number of men in the gang, but it should not be extra large, nor
very small. On double track there should be three men in each sub-
gang; one on each berme and one in the center. The man in the center
to work to the right or left as needed, and those on the sides to work
in through the cribs to meet him. The sub-gangs to be started about
one hundred feet apart. Thus, with a gang of twelve men they would be
spread out over about three hundred feet of track. When starting, the
ballast removed will have to be piled up until a space about three feet is

cleaned, after which the shaken ballast can be thrown 'directly back into
the track in the three-foot space.

TRENCH-ZEPE METHOD.

For this method three screens are to be used with a force of twelve
men and a foreman, distributed as follows : Two men to shovel from
each shoulder to their respective screen; two from the center into the
center screen, and one man in the center of each track shovehng into
the screen most available ; one man with a pick working ahead to loosen
hardened ballast, and three men, one for each screen, to dress down the
ballast on the center and shoulders, form a uniform ballast line and dis-

pose of the dirt. When the dirt can be disposed of by throwing ovr
the bank, its cost may be included in with the cleaning. When it is

necessary to move the dirt any distance it shall be thrown into piles

and the cost of doing so included with the cost of cleaning, but the co<^t

of removing it afterward shall be kept separate and not made a part of
the cleaning cost. When necessary, a water boy in addition to the twelve
men can be employed. In operation, the center screen will work ahead
of the side screens, and the man attached to this screen will work aherd
of the side screens, and 'the men attached to this screen will clean out
the cribs, to about one foot inside of the inside rails of the double track.
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B—In connection with tie renewals:

ORDINARY METHOD.

Under this method such ties as are spotted are to be renewed in the

ordinary manner with the ordinary sized force, but a record of the cost

to be kept on the attached blank "Form B (Fig. 3), for use in comparing
this method with the screen method.

SCREEN METHOD.

By this method such ties as are spotted are to be renewed by a force

of eight men and a foreman with one screen, and a water boy if thought
expedient. The force is to be distributed as follows

:

One man picking ballast loose ahead of the gang.

Three men digging the ballast out of the track and throwing it onto

the screen.

One man removing the refuse and straightening up the ballast.

Two men removing the spikes, taking out the old tie, putting in the

new tie and spiking.

One man following up about 300 to 400 feet in the rear, putting bal-

last in around the tie and trimming up the track.

All the ballast on the shoulder and in the cribs is to be taken out,

but not from the center between tracks (this can be cleaned at another

time). Where only one tie is to be renewed clean out the cribs on both

sides of the tie. When two ties are to be renewed clean out the crib

between the two ties and one crib on the outside of each tie or three

cribs. When three ties are to be renewed clean out four cribs, etc.

The work to progress as follows : The first man with a pick will

proceed to pick loose the ballast where ties are spotted. The three men
cleaning out the ballast from track will follow about twelve feet behind

and shovel onto the screen. The one man in charge of the screen will

see that the ballast falls onto the track, into pans, or on the outside

shoulder, as may be deemed best in each case, for re-use in tamping the

new ties. It is left in this shape until the two men who are putting in

the ties come along. They will take out the spikes, remove the old tie,

put in the new tie and tamp immediately, leveling off enough ballast into

the cribs to make the track safe. The man who follows up in the rear

is not started until the other force has proceeded far enough to allow

as m^any trains to go over as may be deemed necessary by the foreman
to settle the ties and permit of proper retamoing, the idea being tliat

the retamping after traffic has gone over it will all be done before the

ballast is filled in to its proper section, so that it will not be in the way
of tamping.

A record of progress and cost is to be kept on the attached blank.

Form B (Fig. 3), and signed by the foreman.

BIBLIOGRAPHY OF BALLAST AND BALLASTING.

As a matter of information the Sub-Committee attaches hereto, as

Exhibit "A," a continuation of their bibliography on this subject, which

was in last year's report, page 700.

Exhibit "A."

Ballast and Ballasting and Tests of Ballasts.

1906—Lovegrove, E. J.

Attrition tests of road making stones. 1906. St. Brides Press.

London, 80 p.

Numerous tables of attrition tests on broken stone with petro-

logical descriptions.
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1912—Goldbeck, A. T.
Gravel and stone—qualities, tests and selections. 1912. (Am.

Road Congr. Proc. 1912, p. 191-201.)

Account of physical tests on broken stone, hardness, tougliness,

abrasion, absorption, interpretation of laboratory tests.

1912—Hinricksen, F. W.
Das Materialprufungswesen. 1912. Stuttgart. F. Enke. 607 p.

P. 198-217. Chapter on testing of building and construction ma-
terial. Methods of testing for imperv'iousness to water and
frost, hardness, abrasion, and sand blast, etc.

1914—Ballen, D.
Bibliography of road making and roads in the United Kingdom.

1914. London, P. S. King and Son. 281 p.

P. 207-15. References to articles on the comparative strength of

stones for road work.

1915—Blanchard, A. H.
Elements of highway engineering. 1915. N. Y., Wiley, 514 p.

P. 154-60. Broken stone as used in road work, mineral constitu-

ents. Account of tests, abrasion, hardness, toughness, etc.

1916—Curd, W. C.

How to get best results with tile drainage. 1916. (Eng. Rec,
V. 74, p. 704-5.) (Eng. News, v. 11, p. 65.) (Eng. & Contr..

V. 46, p. 543.)

Account of most practicable use of vitrified tile for drainage of

railroad sub-grades.

1917—Carr, W. F.

Track and roadway. 1917. (Elec. Ry. Jour., v. 49, p. 586-7.)

Methods of reducing maintenance costs and improving Ime and
surface of track. Discusses standard practice of ballasting.

1917—Character and depth of ballast. 1917. (Elect. Ry. Jour., v. 49, p.

548-9.)

Discussion of sub and top ballast taken from Am. Ry. Engng.
Assoc. Report

1917—Dana, R. T., and A. F. Trimble.
The trackman's helper. 1917. N. Y., Clark Book Co., 401 p.

P. 120-141. Chapter on ballasting. Kinds of ballast material.

Cleaning crushed stone. Levels and spotboards. Uniform
tamping. Pneumatic and electric tamping. Ballast in cuts

and in yards. Leveling yard tracks. Depth of ballast. Road-
bed sections. Tools and methods recommended by A. R.

E. A.

1917—Electric tie tampers. 1917. (In Railway Age, v. 63, p. 17-18.)

Use on N. Y. Central with table of operating costs.

1917—Electric tie tampers on the New York Central. 1917. (Ry. Maint.

Engng., V. 13, p. 225-6.)

Use of power tamper on electrified road with comparative costs.

1917—Home-made compressor outfit increases tie tamper saving?. 1917.

(Elect. Ry. Jour., v. 50, p. 194.)

Use on the San Francisco-Oakland Terminal Railways.

1917—Jackson, F. H.
Effect of controllable variables on the toughness test for rock.

1917. (Am. Soc. Test. Mat., v. 17, p. 12, 571-88.)

Study of effect of certain controllable variables on the accuracy
of toughness test for rock.
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1917—Lavis, R
Railway estimates. 1917. McGraw-Hill, 60S p. N. Y.
P. 264-74. Amount and depth of ballast; standard ballast sec-

tions. Weight of stone ballast. Cost and size of stone.

Cost of gravel. Burnt clay and earth ballast.

1917—Lewis, E. R.
Winter track work. 1917. Chicago Ry. Educational Press. 157 p.

P. 11-25. Effect of weather and climate on ballast and roadbed.

1917—Pneumatic tampers. 1917. (Ry. & Locom. Engng., v. 30, p. 59.)

Note announcing that the Lehigh Valley R. R. has added tamp-
ing machines to each of the main line divisions.

1917—Pneumatic tampers cut labor cost in half in Pittsburg. 1917. (In

Elec. Ry.l Jour., v. 49, p. 43.)

Maintenance costs on the Pittsburg Railways.

1917—Pneumatic tie tamoing on the D. L. & W. 1917. (Ry. Rev., v. 61,

p. 210-13.)

Description of process of power tamping of ballast together with
machinery for the purpose.

1917—Pneumatic tie tamping saves on reconstruction. 1917. (Elcc. Ry.

Jour., V. 51, p. 974.)

Comparison of costs of hand and pneumatic tamping.

1917—Railroad ballast digging and loading plant. 1917. (Eng. & Contr.,

V. 48, p. 136.)

Plant operated by Neal Gravel Co. at Palestine, 111.

1917—Raymond, W. G.
Elements of railroad engineering. 1917. N. Y. Wiley. 453 p.

P. 53-8. Chapter on ballast and roadbed. LIscs and materials.

Specifications, form and construction of roadbed.

1917—Reducing settlement in new embankments. 1917. (Ry. Maint.

Eng., V. 13, p. 227-8.)

Special measures taken on Chicago, Rock Island & Pacific R. R.

to minimize long continuing settlement in embankments and
to avoid the subsequent addition of further ballast.

1917—Rodman, Joe.

Ballast combinations. 1917. (Ry. Maint. Engr., v. 13, p. 174.)

Letter to editor giving result of practical experience.

1917—Rolling of railwav roadbed gives even and compact subgrade. 1917.

(Eng. Rec, v. 78, p. 281.)

Discussion of the use of steam roller for consolidating railway

roadbed.

1917—Shrinkage in fills. 1917. (Eng. & Contr., v. 47, p. 282.)

Study of amount of allowance to be made for shrinkage in fills

both in width and in height.

Abst. from A. R. E. A. report.

1917—Tamping a tie a minute with air tampers. 1917. (In Elect. Ry.

Jour., V. 48, p. 1167.)

Ingersoll-Rand pneumatic tamper used on Kansas City, Mo.,
railways.

1917—Tentative test for toughness of rock. 1917. (Amer. Soc. for Test-

ing Mat. Proc, v. 17._ pt. 1, p. 773-5.)

Description of tentative standard.

19l7_Van Auken, K. L.

Surfacing track with extra gangs. 1917. (Ry. Rev., v. 60. p.

906-7.)

Notes on the various ballasting operations most suitable for extra
gangs.
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1917—Webb, W. L.

Railroad construction, theory and practice. 1917. N. Y. Wiley.
6th ed., 831 p.

P. 265-75. Chapter on ballast. Materials, burnt clay, gravel,

mud. stone. Cross sections. Classification of railroads.

Methods of laying ballast.

1917—Wilhams, C. C.

Design of railway location. 1917. N. Y. Wiley. 515 p.

P. 485-6. Cost of ballasting and laying track.

1918—Concrete roadbed on Northern Pacific R. R. 1918. (Concrete, v.

12, p. 221. Eng. & Contr., V. 50, p. 55-6.)

Description of experimental concrete roadbed with specifications.

191&—Cram, R. C.

Labor savings methods in the way department. 1918. (Electric

Ry. Jour., v. 51, p. 517-23.)

Takes up, among other things, power tampers.

1918—How may engineers rate labor saving appliances for use in track
work. 1918. (In Elect. Ry. Jour., y. 51, p. 522-3.)

Opinions from about fourteen engineers as to relative impor-
tance of labor saving devices. With a summary of results.

1918—Hicks, H. L.

Mechanical tampers in mine track work^ 1918. (Eng. & Min.
Jour., V. 105, p. 1048.)

Use of power tamper for ballasting.

1918—Labor saving devices for track maintenance. 1918. (Ry. Rev., v.

63, p. 172-4.)

Mentions, among others, spreaders for ballasting.

1918—Orrock, J. W.
Railroad structures and estimates. 1918. N. Y. Wiley. 2d ed.,

579 p.

P. 239-49. Chapter on ballast. Kinds of ballast material. Bal-
last sections. Quantity of ballast in standard sections of
various railroads. Cost of ballasting with broken stone.

Cost of cleaning ballast,

1918—Peele, R.
Mining engineers' handbook. 1918. N. Y. J. Wiley & Sons.

2375 p.

P. 849. Track ballast for mining railroads. Standard specifica-

tions.

1918—Roadmasters' 36th Annual Convention. 1918. (Ry. Age, v. 65, p.

557-61, 581-3.) (Ry. Rev., v. 63, p. 419.)

Abstract of Sept. convention. Report of committee on labor
saving devices took up question of tampers and ballast

ploughs.

1918—Tapley, F. B.

Problems in track maintenance. 1918. (Ry. Rev., v. 62, p. 262-4.)

Advocates under certain conditions the use of cinders of bal-

last.

1918—Vaughan, G. W.
Description of and the efficiency of the Imperial tie tampers.

1918. (N. Y. Ry. Club Proc, v. 28, p. 5348-5376.)
Extended account of the subject.
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REPORT ON THE PROPER DEPTH OF BALLAST OF VARIOUS
KINDS TO INSURE UNIFORM DISTRIBUTION OF LOADS

ON THE ROADBED, CONFERRING WITH SPECIAL
COMMITTEE ON STRESSES IN RAILROAD

TRACK AND COMMITTEE
ON ROADWAY.

Sub-Committee No. 4.

Your Comr^ittee has been in touch with the Committee on Stresses

in Railroad Tratk, but as that Committee, on account of war conditions,

has not been able to put into shape the data which they have on the

transmission of the pressure downward through the ballast and in con-

tinuing the work to supplement certain parts of it, the Ballast Commit-

tee is not in position to recommend any additions or changes under the

head of "Proper Depth of Ballast." The Committee, therefore, recom-

mends that this subject be reassigned for the coming year's work.

General.

Attached hereto as Appendix "F" is a copy of report on use of rein-

forced concrete slabs at "soft spots" in roadbed, for which the Com-
mittee is indebted to J. T. Bowser, of the Queen .& Crescent Route,

Danville, Ky., also a copy of report dated June 18, 1917, made in the

office of the Promotion Bureau of the Universal Portland Cement Co.

by Benjamin Wilk.

Conclusion.

Your Committee feels that the use of reinforced concrete slabs to

assist the ballast in supporting the track on soft spots is an interesting

suggestion and should be studied further by the Ballast Committee.

Description of the Plant of the Dolese & Shepard Stone Co.

Stone Crushing Plant of the Dolese & Shepard Company, located 15

miles west of Chicago on the Atchison, Topeka & Santa Fe R. R.

The quarry and crushing plant of the Dolese & Shepard Co. is lo-

cated at Novak, Illinois, on the main line of the Santa Fe Railway, about

15 miles west of the Dearborn Street Station in Chicago.

The quarry and plant cover almost 160 acres of land; the quarry

opening being between 75 and 100 acres. The quarry is opened by strip-

ping from six to twelve feet of earth from the rock. The rock is then

worked in two levels of about 25 feet depth each.

The stripping of earth is done by steam shovel, after which holes

are drilled by well drills, to a depth two of three feet below the bottom of

the first level of the quarry. A row of the holes are drilled about 30

feet back from the working face and are charged with heavy explosives.

and the entire row of holes fired at one time.

The rock, after being loosened by blasting, is handled by a steam

shovel, which loads it into four-wheel dump body cars weighing 15 tons
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each and handling 15 tons of rock per load. These cars arc driven by

electric motors, using a third rail current feed. The third rail is placed

in the center of the track, and is cut into sections of varying lengths,

and each section is connected by a feed wire which leads from a switch-

board in a tower near the crusher plant. The cars are moved without

an attendant, by the simple process of switching the current on and off

of the various sections from the tower. The motors on the cars also

act as a brake, by current reversal.

The rock filled cars are passed over an automatic scale where the

weight of each load is ascertained, and from the scale the car is nm
up an incline to the dump into the first crusher. This first crusher is a

No. 18 gyratory crusher, manufactured by the Power and Machine Co.

Fig. a—Pl.\nt'of Dolese & Shepard Co., Gary, Ixd.

Longest Incline, 330 Feet.

The first crusher is of sufficient size to take in 42-inch cubes of rock

and crush it to such size as will be handled by a No. 9 crusher of the

same type. The 42-inch crusher is driven by a 250 H.P. electric motor,

connected by rope transmission to the crusher drive wheel.

The stone, after passing through the 42-inch crusher, drops into a

bucket conveyor which carries it upward and into hoppers in the next

building, where it is distributed to two No. 9 gyratory crushers, which

are also driven by electric motors, but of belt drive, instead of

rope drive connection. From the two No. 9 crushers the stone is

conveyed to revolving screens with four-inch round openings. All rock

which fails to screen out is passed to another bucket conveyor which

delivers it to bins which feed into four No. 6 gyratory crushers. From
the No. 6 crushers the stone is carried by an endless belt conveyor to

the fourth building, where it passes through revolving screens, carry-
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Fig. 6

—

France Stone Comi'anv's Plant, Pennsylvania Lines West
OF Pittsburgh, Middlepoint, Ohio.
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ing openings of Yz, 1^, 1^ and 2-inch round holes. The material pass-

ing through the smallest holes of the rotary screens is passed over a

shaker sieve screen, which separates the "screenings—F.F." and J^-inch

material, while the rotary screens separate the larger particles into No. 2,

No. 3 and larger sizes.

The screens are located in a very high building, so that the various

grades of stone are deposited by gravity into immense round bins which

are built high enough from the ground to permit standard gondola cars

to be passed under them for loading by gravity. The bin gates for hold-

ing back the r(j)ck when cars are not being loaded are operated by com-

pressed air.

The stone which is removed from the crushed aggregate by the

4-inch screens is deposited in bins for delivery to the steel companies for

fluxing material.

A very interesting feature of the plant is that the storage bins,

which are about 20 feet in diameter and 80 feet deep and built of con-

crete, are lined with granite blocks, laid up in cement, and carefull}'

built in, to protect the concrete (of which the bins are made) from wear

due to the falling particles of stone. The bin provided for screenings

and for J^-inch aggregate were the only ones not so lined. The receiv-

ing and discharge bins at each crusher were also lined with granite

blocks.

In the approach to the final screen building there are two large roller

crushers located, one for the purpose of further breaking of such mate-

rial as is carried clear through the revolving screens, and the other a

smooth face pair of rolls for the purpose of making screenings or pul-

verized stone when such material is needed.

The equipment of the plant consists of four steam shovels, one loco-

motive crane, six well drills, with many air and other small drills, an

automatic electric railway with a large number of 4-wheel 15-ton dump

cars, a power house with transformers, switches, etc., to receive and dis-

tribute the electric current which is purchased from the Public Service

Corporation, one No. 18 gyratory crusher, two No. 9 gyratory crushers,

four No. 6 gyratory crushers, two roller crushers, endless chain bucket

conveyors, belt conveyors, screens and electric motors for driving the

various machines.

The plant, of course, includes store house, machine shop, blacksmith

shop, etc.

The capacity of this plant with its present equipment is five thou-

sand cubic yards of crushed rock in ten hours.

Stone Crushing Plant Located at Middlepoint, Ohio, on Pennsyl-

vania Lines West, 8 Miles East of Van Wert, Ohio.

Fig. 5 shows the track layout. There are three tracks under the

crusher. Empty cars are placed west of the crusher, and the track

capacity is 115 cars. The loads are dropped to the east and the loaded

tracks have a capacity of 120 cars.
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The present plant was erected in 1914 and has a daily capacity of

4,000 tons. Timber construction, except for foundations, is used in the

construction of the plant. This, according to the France Company, is

preferable, as it is necessary to make frequent changes in stone crushing

plants to take care of changed conditions. They state that it is neces-

sary to make additions and alterations every season.

The field operation at Middlepoint quarry is circular in shape, and

the stone has been taken out in benches about 15 feet to a bench; and

at present the third bench is being removed. The overburden is earth,

and averages about 4 feet in depth, and is removed by steam shovels

and narrow-gage cars and locomotives and hauled to waste banks.

After the stone is stripped it is drilled by electrically operated churn

type well drills, Loomis Machinerj^ Company Clipper drills being used.

Special care is exercised in spacing and depths of drill holes, as depths

of working face strata of stone and strength of explosive is taken into

account, so that in the blasting operation the stone will be shattered but

will not be broken down from its original position in the bank. Dyna-

mite is the explosive used.

Two Marion Model 91 steam shovels are used to load the stone

from the bank into the side dump 36-inch gage cars, which are handled by

dinkey locomotives to the initial crusher. This crusher is a No. 21 Gates,

manufactured by the Allis-Chalmers Company and weighs 64 tons, and

is located at the quarry floor level, at the foot of a belt conveyor, which

conveys the stone after it has passed through the No. 21 breaker to the

crushing plant or mill proper.

This conveyor, above mentioned, discharges into a bin at the top of

the mill from which the stone is distributed into two of a battery of

four revolving screens, the sized stone or finished product is removed by

these screens, and the oversized stone or rejections pass out the end

of these two screens in two No. 9 McCully breakers, which are termed

rebreakers. From the rebreakers this stone passes into a bucket ele-

vator and is elevated again to the top of the mill, where it passes into

the other two of the battery of four revolving screens, and the oversized

stone or rejections again go to the rebreakers, and so on until it is prop-

erly sized and passes through the revolving screens. After the stone

passes through the revolving screens, the smaller sized stone passes onto

two shaker screens on the next floor below, where it is again sized and

cleaned and is in turn passed into the proper bin.

The bins are located immediately over three loading tracks, three

(3) bins over each track, and each bin has a capacity of 150 tons, giving

a total bin capacity for the plant of approximately 1,350 tons.

At this quarry everything is electrically driven, with the exception of

locomotives and steam shovels, there being 16 motors ranging in size

from ^ H.P. to 300 H.P., required for complete operation of crushing

plant and field.
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Stone Crushing Plant Located at Pembroke, Va., on Norfolk &
Western Railroad.

The plant is located about one-half mile from the quarry. The
quarry was origially started up a ravine widening, which had very pre-

cipitous limestone bluffs on each side. We opened up this quarry with

a face about 1,000 feet long on each side of the ravine and have been

operating there for six seasons; and at this time the faces of the two

bluffs are about 600 feet apart, and the bluffs vary in height from one

hundred and fifty to two hundred feet high. We work this quarry in

benches, using ingersoU-Rand drills Irrgely for drilling, drilling the

holes in the benches about twenty feet deep. When this shot on the

bench is put off, we immediately set up the tripod drills again, start

them, and then the jackhammer drill men start on the bottom and plug-

hole all the rocks that are too large to go through a 2j/2-yard dipper.

We try to use just enough men on the jackhammers to get this rock

drilled and broken up by the time another line of twenty-foot holes

have been put down in the bench and loaded; then this shot is *put off

and the same process is followed again until we get to the bottom of

the bluff, by which time we have anywhere from Mty to one hundred

thousand yards of rock shot down.

This quarrj' having two faces, we have the shovel at work on the

opposite side from where the drills are working, and when all this stone-

has been cleaned up on one side the shovel is transferred to the oppo-

site side (which can be done by having a permanent track across this

quarry) in about two hours. Then the drilling operation begins on the

side that the shovel comes from and the shovel goes to work upon the

side that the drilling and shooting has been done on. In this way the

operation oi drilling and shooting never interferes with the shovels'

loading, and, therefore, have no lost time.

We have some four to ten feet of overburden on the top of th ^

quarry which is thrown over the bluff in the months of January and

February, and then the railroad company puts their standard gage eiiuip-

nient in and we load these strippings on them and it is hauled out and

used in widening banks along the main line or for any purposes the

railroad company may see fit to use it.

The plant consists of the following equipment

:

1 No. 12 Gates breaker fitted with steel spider, sjiecial opeh-harth
oil tempered shaft, manganese steel mantle and sectional manga-
nese steel concaves.

1 60 in. X 12 ft. Gates iron frame revolving screen with manganese
steel protecting liners made extra heavy throughout.

1 Elevator complete, 36 in. x 16 in. by 13 in. buckets, .^8 ft. center >

including wood frame and bucket belt.

2 No. 6 "K" Gates breakers fitted with manganese steel mantle and
sectional manganese steel concaves.

2 48 in. X 16 ft. Gates iron revolving screens with manganese steel

protecting liners, made extra heavy throughout.

1 12 ton overhead trolley for No. 12 crusher.
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1 6 ton Yale & Towne triplex chain block.

1 12 ton Yale & Towne triplex chain block.

1 30 in. troughing conveyor belts, 5 ply, 50 ft. centers.

1 Elevator complete, 24 in. x 13^ in. x 10 in. buckets, 59 ft. centers,

including wood frame and bucket belt.

1 18 in. X 42 in. Allis Chalmers horizontal Corliss engine, heavy duty
type.

3 200 H.P. horizontal return tubular boilers.

1 7 in. X 41/S in. x 10 in. duplex boiler feed pumps, 550 H. P.

1 500 H.P. open type feed water heater.

All necessary transmission machinery.
1 Model 70 Marion steam shovel.

3 11 in. X 16 in. Vulcan locomotives.
1 20 in. X 22^ in. x 14^ in. x 21 in. Class AA2 IngersoU-Rand Air
Compressor.

2 Water tanks.

2 Water pumps.
Pipe.

1 16x18J4x12^x16 Class AA2 compressor,
10 E-24 Ingersoll-Rand drills.

4 R L. 12 Sullivan drills.

4 Ingersoll-Rand jackhammer drills.

Extra tripods and weights.
30 Special 4-yd. cars (K&J).

We have in connection with this equipment an Ingersoll-Rand drill

sharpener which does all hte drill sharpening for the entire quarry.

There is only one team used in connection with this entire plant, and

this is used for hauling supplies around the camp.

Gravel Washing Plant Located at Miamiville, Ohio, on Pennsyl-

vania Lines West, 18 Miles Northeast of Cincinnati, Ohio.

The plant at Miamiville, Ohio, is owned by the Cincinnati Crushed

Stone & Gravel Company, arid is an efficiently operated plant. The prod-

uct is a very good quality of washed and screened gravel. (Fig. 7.)

The gravel is loaded by steam shovels, hauled to the foot of a cable-

operated incline by dinkey locomotives, raised to the top of the incline bj'

cable, and dumped automatically into bins. The material is washed to

remove the mud and very fine material, and thereafter screened to sepa-

rate it into various sizes. Boulders are crushed and hauled as at stone

crusher plants. Railroad cars are operated by gravity at the plant, after

having been set on the empty tracks above the tipple.

Gravel Washing Plant Located at Macksville, Ind., on Pennsylvania

Lines West.

The plant at Macksvillc, Ind., was constructed about two and one-

half years ago, and was designed by J. C. Buckbce Co., Chicago. The
machinery was furnished by the Stephans-Adamson Company, and the

plant was erected by railroad forces.

The raw gravel in their pit at this point is dirty and consists of a

large proportion of fine sand—about 25 cars of washed gravel being ob-

tained from 40 cars of raw gravel after passing through the machine.
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While the machine, as designed, does the work for which it was

built, yet the hopper arrangement used in dropping raw gravel from cars

to the movable belt is not large enough to furnish gravel to the full

capacity of the belt. The only way this could be done would be by

means of a double track over the hopper.

The plans show settling boxes to be used for taking out the sand,

but on account of the lai-ge proportion of sand in this particular gravel,

they have not proved a complete success, and the last separation of sand

is made by means oi a % in. screen.

CONCRETE ELIMINATES SOFT SPOTS IN RAILWAY
ROADBEDS.

Slabs Easily Placed and More Effective Than One-Man Stone for

Stretches Where Tile Drains Are Not .Feasible.

By J. T. Bowser,

Maintenance of Way Department, Southern Railway, Danville, Ky.

Maintenance of way officials on many roads are familiar with the soft

spots which develop, due to inadequate drainage, in cuts in roadbed where
the material consists of certain kinds of clay. Many of these are scarcely

more than a rail or two in length and are usually due to lack of proper

drainage. In nearly all cases they can be economically remedied bythe
use of drain tile, but in some cases where there is only a small place in a

long cut, the expense of carrj^ng the tile drain to some point where the

water can be disposed of is so great that other means must be found to

remedy the trouble. The practice of many section foremen to remedy
such places by using one-man stone under the ballast bed after removing
the material in the roadbed to a small depth is, at least, only a temporary

remed}', and the place will continue to give trouble each year in the early

spring. An improvement of this practice by using concrete has been found

to eliminate this trouble entirely, and in cases where this method has been
used the improvement promises to be permanent.

The method consists in the casting in place of a concrete slab under
a part or all of the track where the soft place is located. This at first

sounds expensive. No forms are required, however, reinforcement is not

absolutely necessary, the mixture is comparatively lean, and work can be

handled by the section forces. Consequently, the expense is not out of

proportion to the advantage gained.

How TO Place the Slab.

The construction of the slab can be handled quite as economically as

follows

:

The width of the roadbed permitting, the track is lined away about 1

foot from the side on which the spot gives the trouble. (As a rule these

spots aflfect one side only.) The ballast is then removed from the space

in which the slab is to be placed, back about underneath the near rail. An
excavation is then made in the roadbed to a depth of from 2 to 3 feet, and
concrete is placed in the excavation up to, or a few inches below, the level

of the roadbed. The inside edge of this concrete is left quite rough to

insure a good bond with the balance of the slab, which is placed later.

When this section has set the track is lined back to normal and the

ties are blocked up on the completed section of the slab. Alternate ties

are then removed to facilitate the excavation under the slab. This ex-

cavation is usually made back to or slightly beyond the center of the track,



Fig. 8.—Gravel Washing Plant, Pennsylvania Lines, Macksville, Ind.

Desig-ned by J. C. Buckbee Co., Chicago.



Fig. 9.

—

Gravel Washing Plant, Pennsylvania Lines, Macksville, Ind.

Designed by J. C. Buckbee Co., Chicago.
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Fig 10.—Gravel Washing Plant, Pennsylvania Lines, Macksville, Ind.

Designed by J. C. Buckbee Co., Chicago.



Fig. 11.

—

Gravel Washing Plant, Pennsylvania Lines, Macksville, Ind.

Designed by J. C. Buckbee Co., Chicago.
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depending on the nature of the soft spot. Concrete is then placed in this

excavation, care being taken to cleanse the inner edge of the completed
section, so that the bond may be as nearly perfect as possible. When the

second section of the slab has set, the track is put up on ballast and the

outer edge of the slab is covered with earth so that no difference in the

roadbed is shown.
If the material in the roadbed is very soft, longitu(final reinforcement

may be necessary, but as the ballast seems to distribute the load quite

evenly, there appears to be little chance of the slab breaking. In fact, little

trouble would result from such breakage, as the weight of the slab would
probably hold it practically in place.

This construction is hardly adapted to long soft places, but for

pockets of a rail or two in length it seems to serve the purpose admirably.

While these pockets usually give trouble only on one side of the track,

where both sides are affected the operation can be repeated from the

opposite side. The ballast is thus given a solid bearing, and with the

loads distributed over a large area the soft material is not so readily dis-

placed and ther-e is little or no settlement.

June 18, 1917.

Mr. Wm. M. Kinney :

Investigation of Concrete Slabs in Railroad Roadbeds.

During a meeting of the American Iron and Steel Institute, held in

New York last May, one of our officials heard a talk on the manufacture
of rails given by Dr. J. S. Unger, of the Carnegie Steel Company. The
point was made that rails did not break on bridges where they were
uniformly supported and that breaks can be prevented by preventing
vibration.

This statement gave birth to an idea that there might be value in

laying railroad ties on concrete slabs or girders. Dr. Unger, when asked
for his opinion, wrote as follows

:

"As wheel loads are constantly increasing, the steam
railroad of the future will probably be compelled to put

down a continuous reinforced heavy slab of concrete on
the subgrade. This slab would cover the entire roadway
and possibly include the ditches at either side for drain-

age. On this slab the ties and rails would be laid." .

Encouraged by these words it was suggested that this matter be
given study. As the idea seemed to be an absolutely new one we at first

found very little helpful literature on the subject. Interviewing railroad

officials was the next point of attack and though our first efforts were
unproductive of results we found that the most prominent railroad men
were willing to discuss the proposition. Among the railroad officials in

Chicago who went into details and gave us much encouragement were
A. S. Baldwin, Chief Engineer of the Illinois Central Railroad; W. J.

Towne, Assistant General Manager of the Chicago and Northwestern
Railroad; A. G. Holt, Assistant Chief Engineer, Chicago, Milwaukee and
St. Paul Railroad ; W. H. Penfield, Assistant to Vice-President, Chicago,
Milwaukee and St. Paul Railroad, and W. L. Efreckinridge, Chief En-
gineer, Burlington Railroad.

Almost from the beginning the idea of eliminating rail breakages as

the reason for putting in a concrete slab was discounted and the general

conclusion was that a concrete slab would be of value by doing away
with much of the drainage troubles and by making a more solid roadbed,
but that it might not be feasible because of the expense.
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With the opinions of these men as a basis, we sent out a general letter

to the Chief Engineers of every railroad in the United States having a

mileage of over 2,000 miles, asking for their ideas regarding concrete

slabs in railroad roadbeds. Half of these letters were answered and a

number of replies went into details as to how such concrete slabs should

be constructed.

A number of engineers did not think the idea at all worth consider-

ing, especially because of the expense, but the idea proved interesting to a

majority of the most prominent railroad engineers in the country, who
gave their suggestions and also referred to a few experiments that had
already been made.

Further correspondence with these men brought out additional feat-

ures, but most of the investigation centered around two distinct ideas,

which were given much attention : first, that a concrete slab be used in

which wooden blocks are imbedded to which the rail is attached, and
second, a thin concrete slab which would act as a division between the

ballast and the earth roadbed.
The first idea has been used in the Michigan Central tunnel near

Detroit, in the subway at Philadelphia by the Philadelphia Rapid Transit

Company, by the Delaware, Lackawanna and Western Railroad Company
in its tunnel at Hoboken, New Jersey, and the Pennsylvania Railroad,

for some of its station tracks and a portion of its tunnel tracks at New
York. Similar construction will be used in the new Union Station, Chi-

cago, the track design of which we have been in touch with during the

past half year.

As at present worked out for the Union Station terminal yards, there

will be a concrete slab 10 inches thick extending between the walls sup-

porting the platforms. This slab will be reinforced longitudinally and
transversely by f^-inch square rods placed near top and bottom. No in-

clined rods will be used. Above this "live" concrete slab there will be

another layer of concrete llj^ inches thick, in which creosoted ties 7

inches by 9 inches by 2 feet 6 inches are imbedded. The rails are fastened

to the ties by screw spikes passing through tie plates.

Experimental concrete slabs in which short ties are imbedded were
placed by the Northern Pacific Railroad on some new construction on
the Point Defiance line just out of Tacoma, Washington, in 1914. Three
types of slabs of varying cross-sections were used, but the officials of the

road do not beHeve sufficient time has elapsed to make records con-

clusive.

That a concrete slab somewhat similar to those just described would
be valuable in a railroad roadbed was first suggested by J. W. Schaub,

a well-known Consulting Bridge Engineer of Chicago, who died about

six years ago. In an article in Engineering News for January 5, 1899.

on "A Design for a Permanent Track for Steam Railroads," he showed
figures to prove the economy of such construction. Mr. Schaub advocated

his proposition to the railroad officials in Chicago and in the November
2, 1905, issue of Engineering News published a paper on "Proposed Con-
crete Floor for Railway Bridges and Tracks." His new design did away
with all ballast and cross-ties and the track rails rested on a longitudinal

timber bolted to the concrete floor. Nothing definite seems to have come
out of Mr. Schaub's ideas.

A thin slab to act merely as a division between the ballast and earth

was first suggested to us during our present investigation by C. A. Pa-
quette, Chief Engineer of the "Big Four" Railroad. He had been con-

sidering such a slab for a long time, but hesitated to give it publicity,

because it seemed so radical. His reasons for advocating such a slab

are as follows

:
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"The concrete slab presents one advantage—drainage,

but in that one item is covered by far the most important
element—track maintenance. Under ordinary construc-

tion the ballast is pounded into an unseasoned roadway
and the first wet weather results in pumping the mud up
to the ties. The ballast becomes foul within a very short

time and fails in its performance of the function of

drainage. At the very least the first application of ballast

and the first renewal thereof go eventually to the making
of nothing more than the roadbed for succeeding ballast

applications. In recent investigations we have found
cases wh^re the ballast was 5 and 6 feet deep on account
of rapid Renewals, but all of the ballast was more or less

mixed with the earth which had worked up its way
through successive seasons. Track and roadway con-
struction, so designed that an effective division can be
maintained between the ballast and the roadway, would go
far toward insuring good track conditions with much less

expense than is involved in the present practice because
the ballast, the function of which is to keep the water
away from the track superstructure, will be kept clean."

Somewhat thicker slabs were used by the Long Island Railroad on
some special work at Jamaica, New York, during the winter of 1912 and
1913 on what is known as the Jamaica Terminal Improvement. These
slabs are 8 inches thick and there is 9 inches of stone ballast between
them and the bottom of the ties. J. A. McCrea, General Manager of the

railroad, in commenting on this construction, states

:

"These slabs are placed under 49 crossings, switches and slips of
100-pound rail and the total area was over 73,000 square feet. The em-
bankment was composed of sand, and averaged 20 feet high; a portion
of the slab was placed without allowing time for the embankment to

settle. The traffic has been extremely heavy from the day it was put in

service, May, 1913, running as high as 1,300 train movements per day.

The switches are interlocked, electro-pneumatic system, and the Signal
Department states that there has been practically no movement of the

rail that has caused them any trouble with the locking devices, and they
attribute it to the presence of the slab underneath. The Maintenance
Department states that since the track was put in proper shape there has
been practically no maintenance after 3^ years' service. This is particu-

larly noticeable in the frogs, which do not 'rack' or loosen the bolts, and
none have been replaced through this territory to date."

Concrete slabs are now used by several railroads under crossing
frogs. As used by the Burlington Railroad, the slab is 18 inches thick,

reinforced, and extends 6 inches beyond the ends of the crossing frog
ties. The top of the slab is either 4 inches or 6 inches below the bottom
of the ties. Regular ballast is used. Just below the slab there are two
feet of crushed rock, while drain tile at the base of this layer and leading
to a nearby outlet takes care of the drainage.

In deterrnining the value of a concrete slab it is well to call attention
to the opinion of James E. Howard, Engineer-Physicist of the Division of
Safety of the Interstate Commerce Commission, who was so interested
in our investigation that he made a personal call on us in company with
H .W. Belnap, chief of that division. Mr. Howard believes that concrete
slabs will be beneficial to new as well as to old roadbeds, and feels that
the present roadbeds can be considerably improved. He has had much
experience in investigating rail fractures and believes that many of these
fractures should be blamed, not to the rails, as is the general practice
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among the railroads, but to the condition of the roadbed. Unevenness in

roadbed creates large stresses in rails as high-speed trains pound along
the track. Stresses now developed are equivalent to those obtained when
a span length, equal to a spacing of three ties, is figured. With a per-

fectly even roadbed the stresses would be comparatively low, as the span
length would be considerably less. Rail breakages would be fewer and
heavier loads could be carried with the present weight of rail ; in fact,

a rigid roadbed is desirable, as it would eliminate all vertical motion and
give greater tractive power in the horizontal direction. Mr. Howard
emphasizes this idea of additional tractive power due to an even roadbed.

He feels that the railroad companies have not as yet taken this idea into

consideration.

Synopses of the opinions and ideas that we have received from rail-

road officials, by correspondence and interviews, are herewith attached.

Yours very truly,

(Signed) Benj. Wilk.

Synopses of Correspondence and Interviews with Railro.^d Officials

Regarding Concrete Slabs in Railroad Roadbeds.

R. N. Bcgien, Chief Engineer (Now Federal Manager JVestern Lines),

Baltimore & Ohio System, Cincinnati, Ohio.

Concrete will have quite a place in future development toward more
economical roadbeds. Feels it is only a matter of a few years before
present type of roadbed construction will have to be changed, particularly

because wooden ties will have to be replaced by some other material.

A. S. Baldwin, Chief Engineer Corporation, Illinois Central Railroad Com-
pany, Chicago.

Much merit in concrete slabs. Use precast slabs hardened for a con-
siderable length of time. Traffic interrupted for only a short time. If

designed, after considerable experimentation, such slabs would decrease
cost of maintenance and take care of vexing problem of drainage. This
idea of special advantage to heavy traffic roads which have high main-
tenance charges. Refers to early idea of Mr. Schaub.

/. A. McCrea, General Manager, Long Island Railroad Company, New*
York City.

Slabs should be in lengths of 20 feet, about 10 feet wide, 8 inches
thick, of 1 :3 :6 concrete unreinforced, 6 inches to 8 inches below tie. They
will eliminate inadequate drainage, will increase bearing surface on nat-

ural ground over three times usual method. Experimental slabs at Jamaica,
New York, very satisfactory. (See quotation in complete report.)

C. A. Paqtietfe, Chief Engineer, "Big Four" Railroad. Cincinnati, Ohio.

Advocates four-inch to six-inch slab as division between ballast and
earth. This would help drainage. Does not favor concrete slab with
rail directly attached. Has used slabs under crossing frogs where main-
tenance has been difficult matter.

fF. C. Cushitig, Chief Engineer, Maintenance of Way, Pennsylvania
Lines, Pittsburgh, Pennsylvania.

Concrete slabs have been considered by this company for some time.

A section was almost built during some construction work four or five

years ago. Uncertainty of value due to settlement of embankments and
to large cost. Slab was to be under ballast. He has found concrete slabs

under railroad crossings very valuable for keeping up crossing frogs.
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James E. Hozvard, Engineer-Physicist, Division, of Safety, Interstate

Commerce Commission, Washington, D. C.

Believes suitable slab can be devised which will be useful to railroads.

Emphasizes need for careful experimentation.

H. E. Stevens, Chief Engineer, Northern Pacific Railroad Company, St.

Paul, Minnesota.

Has experimented with slabs in which wood blocks are embedded to

which rails are attached. No conclusions yet formed. Does not favor
thin slab. Very much interested in our investigation.

A. O. Cunningham, Chief Engineer, Wabash Railroad, St. Louis, Missouri,

Very much in favor of slab under ballast. Track maintenance im-
portant, inadequate drainage eliminated. Slab 12 inches under ballast, 6
to 8 inches thick, reinforced. Slope from center to sides. High cost of
continuous slab makes it almost impracticable. No value in a slab with
ties directly attached. Under crossing frogs slabs have been found of

great advantage. He suggested this use several years ago.

W. L. Breckinridge, Chief Engineer, Burlington Railroad, Chicago.

Crossing frog slabs in use for over a year, but no report on them
available. He believes they have value. Under high-speed traffic, con-
crete slab with directly attached tie and rail would be shattered. If

slabs now in are successful, will develop their use under ladder tracks
and in switch yards. Continuous concrete slab would be very expensive.

/. E. Willoughhy, Chief Engineer, Atlantic Coast Line Railway, Wilming-
ton, North Carolina.

If a concrete slab be constructed it should find support in the surface
of the earth underneath. If the subgrade be sand, gravel or rock the
slab can be constructed directly thereon. If the subgrade be not self-

draining material, the slab must necessarilv be supported on piles or
piers. The ties should rest directly on the slab and be imbedded therein.

Geo. H. Webb, Chief Engineer, Michigan Central Railroad, Detroit,

Michigan.

Has often considered concrete slab between subgrade and ballast

—

might be called "waterproofing." Cost too great. Is considering concrete
tie. Experimental tracks put in nine years ago, which were studied to

learn efifect of traffic on ties embedded in concrete prior to construction of
track system in Detroit River Tunnel, are in very good condition.

G. J. Ray, Chief Engineer, Delazvare, Lackawanna & Western Railroad,
Hoboken, Nezv Jersey.

Question has been seriously considered for past ten years. Where
subgrade is absolutelj' permanent, as in tunnel work and terminals, plan
can be used. Does not agree regarding breakages of rails on bridges.
Best rails often break on most solid bridge structures.

Samuel T. Wagner, Chief Engineer Corporation, Philadelphia & Reading
Railway Company, Philadelphia, Pennsylvania.

Interested in our proposition.

A. H. Hogeland, Chief Engi)iccr, Great Northern Railway, St. Paul^
Minnesota.

Believes thin slab between ballast and earth only feasible idea pos-
sible. Will give very good drainage. Company has not given any con-
sideration to this subject as traffic is lighter than on eastern roads.
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A. G. Holt, Assistant Chief Engineer, Chicago, Milwaukee S- St. Paul
Railroad, Chicago, Illinois.

Favoxabh' impressed with idea. Drainage eliminated, an important

point. Settlement of embankments must be given much attention. Im-
proving drainage would help stabilize embankments. Figure cost of slab

against saving in maintenance to prove its value.

H. C. Lothholz, Assistant Engineer, Chicago, Milwaukee & St. Paul Rail-

road, Chicago, Illinois.

Have adopted concrete slabs on all deck bridges. Trough for ballast.

In one case rail directh- embedded in concrete because of lack of head-

room. Well satisfied with concrete slabs. For roadbeds considerable

experimenting necessary to establish value of idea.

fF. H. Penfield, Assistant to Vice-President, Chicago, Milwaukee & St.

Paul Railroad, Chicago, Illinois.

Believes there are advantages in such a slab, but experiments are

necessary and cost is exorbitant.

Samuel Rockwell, Consulting Engineer, New York Central Lines, Cleve-

land, Ohio.

In general, idea does not appeal. Only few places where it could

be used to advantage. If slab is placed, it should be under ballast.

Favors thin slab for drainage.

Lincoln Bush, Consulting Engineer (formerly Chief Engineer, D., L. &
IV. R. R.), New York City.

Explains concrete construction in New Bergen Hill Tunnel of Lacka-

wanna Railroad. Concrete roadbed has stood up very well with a per-

fectly rigid surface having been in use under very heavy traffic for over

eight years. There will be no pounding nor serious damage in rigid

railroad track with proper maintenance of rolling stock, such as the

avoidance of flat wheels. Favors rigid roadbed with longitudinal wall

support under rails with creosoted block cushions for special service, such

as tunnels and subways or where traffic conditions are severe.

Edward Gagel, Chief Engineer, New York, New Haven & Hartford
Railroad Company, New Haven, Connecticut.

Unable to recommend concrete of any type as a slab between the

ballast and rails, for the reason that modifications are too frequent to

permit of any definite scheme.

W. A. Christian, Senior Roadway Engineer, Bureau of Valuation, Inter-

state Commerce Commission, Chicago, Illinois.

Track alinement would have to be permanent before concrete slab

would be valuable. Embankments settle for many years. Expense a big

obstacle.

W. J. Tozvne, Assistant General Manager, Chicago & Northwestern
Railroad, Chicago, Illinois.

Very much interested, but could not see what would be gained. Be-

lieved concrete too rigid if in direct contact with concrete slab under
high-speed trains. Expense prohibitive.

M. H. Wickhorst, Engineer of Tests, Rail Committee, American Railzvay

Engineering Association, Chicago, Illinois.

The expense would be considerable. However, with a continuous

concrete wall the rail could be designed merely as a head on which the

wheels would roll.
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JV. H. Courtcnay, Chief Engineer, Louisz'ille & Nashville Railroad,

Louisville , Kentucky.

Considers scheme impractical. Cost prohibitive. Would be of ad-

vantage for drainage, but embankments settle for long periods of time.

R. L. Cochran, Chief Clerk to Chief Engineer, Santa Fe Railroad, Chi-
cago, Illinois.

Idea interesting and worthy of discussion, but hardly feasible within

reasonable cost. Design should contemplate introduction of substance
other than concrete, which would shatter next to rail.

P. M. LaBachj ji^ssistant Engineer, Rock Island Lines, Chicago, Illinois.

For general iise such construction too expensive, but under crossing
frogs it could be used to advantage. Would eliminate drainage troubles.

Ballast should be placed on slab.

E. Weideman, Structural Engineer, Union Station Company, Chicago,
Illinois.

I believe that heavy traffic lines with an eventual future increase of
locomotive axle loads may find concrete slabs as roadbed an economical
and necessary solution.

Respectfully submitted,

Committee on Ball.\st.



REPORT OF COMMITTEE XI—ON RECORDS AND
ACCOUNTS.

\V. A. Christian, Cluiirman; 'SI. C. Bvers, Vice-chairman;

F. L. Beal, G. D. Hill,

Lester Bernstein, G. T. Kuntz,

H. BoRTiN, Henry Lehn,

J. W. Fox, J. H. MlLBURN,

B. B. Harris, J. C. Patterson,

R. C. Sattley, Huntington Smith,

H. M. Stout, W. D. Wiggins,

Committee.

To the American Railway Engineering Association:

Your Committee on Records and Accounts respectfully submits the

following report to the Twentieth Annual Convention on the subjects

assigned by the Board of Direction, as follows

:

(1) 2\lake critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

(2) Report on the use of small forms on cardboard or other suitable

material for use of fieldmen in making daily reports, to the end that

supervision may be facilitated and efficiency encouraged.

(3) Report on feasible and useful sub-divisions of the Interstate

Commerce Commission "Classification of Investment in Road and Equip-
ment" and "Classification of Operating Expenses of Steam Roads."

(4) Report on cost-keeping methods and statistical records.

(5) Report on a systematic arrangement for filing plans in con-

nection with estimates.

(6) Report on additional definitions if necessary.

(7) Report on the following forms:
For Maintenance of Way and Structures.

For Construction.
For Records.

(8) Report upon forms for analyzing expenditures for assistance in

controlling expenditures.

COMMITTEE MEETINGS.

The General Committee has not held any meetings during the year

on account of existing conditions : the work being carried on by corre-

spondence. Sub-Committees have held meetings at various times and

places.

(1) REVISION OF MANUAL.

The subject-matter in the Manual has been considered by your Com-
mittee during the past year, but no changes are recommended at this time.

(2) USE OF S.MALL FORMS ON CARDBOARD OR OTHER SUIT-

ABLE MATERIAL FOR FIELDMEN.

A series of small forms illustrating the practice of several roads was
submitted in 1917, Vol. 18, pages 769-797, as being, in the judgment of the
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Committee, suitable for the purpose for which they were designed. Your

Committee has no further report to present, and suggests this subject be

discontinued.

(3) SUB-DIVISIONS OF I. C. C. CLASSIFICATION OF INVEST-

MENT IN ROAD AND EQUIPMENT.

In a previous report your Committee submitted as information a dis-

cussion of changes in sub-divisions of the I. C. C. Road and Equipment

Classification. The Committee reports progress on this subject for the

present, and suggests that it be reassigned for the current year.

(4) COST-KEEPING METHODS AND STATISTICAL RECORDS.

Your Committee reports progress on this subject for the present.

During the year your Committee has received from the Bureau of Railway

Economics and leading publishing houses information on the subject of

cost-keeping methods as applying to railroads.

In reply to circular letter, sent to the ditferent railroads on this sub-

ject, thirty-five answers were received, of which one-third were accom-

panied with information in the nature of blank forms used in accounting

records; another third indicated interest in the subject, and the remaining

third stated their records were kept in accordance with the I. C. C.

Classification.

In view of the changes taking place in the railroad situation during

the past year—and we are still in the midst of this transition period—^your

Committee suggests that this subject be reassigned to it for the coming

year. The Committee desires to place on record its appreciation and thanks

to those who so kindly replied to its request for information.

(5) SYSTEMATIC ARRANGEMENT OF FILING PLANS IN CON-

NECTION WITH ESTIMATES.

The subject-matter is under consideration by the Sub-Committee, but

the study has not progressed sufficiently to make a report at this time.

(6) ADDITIONAL DEFINITIONS.

On this subject your Committee reports progress.

(7) REPORT ON FORMS FOR

Maintenance of Way and Structures.

Construction.

Records.

The work has progressed to a point where a general discussion seems

essential for further advancement, but as all members have been excep-
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tionally occupied this past year, such discussion has not taken place, and

your Sub-Committee requests that the subject be again referred to it for

the current year.

(8) FORMS FOR ANALYZING EXPENDITURES FOR ASSIST-

ANCE IN CONTROLLING EXPENDITURES.

On this subject the Committee reports progress and requests that it

be reassigned.

RECOMMENDATIONS FOR FUTURE WORK.

Your Committee recommends that all subjects assigned to it last

year, with the exception of No. 2, be again referred to it for the cur-

rent year.

Respectfully submitted,

/ Committee on Records and Accounts.





REPORT OF COMMITTEE I—ON ROADWAY.
W. M. Dawley, Chairman; J. A. Spielmanx, J'icc-Cliairinai! :

J. R. W. Ambrose, H. W. McLeod,

H. E. AsTLEY, C. M. McVay,
C. W. Brown, F. M. Patterson,

S. P. Brown, W. H. Petersen,

B. M. Cheney, P. Petri,

C. W. Cochran, W. F. Purdy,

W. C. Curd, R. A. Rutledge.

Paul Didier, W. H. Sellew,

S. B. Fisher, J. M. Sills,

W. C. Kegler, W. p. Wiltsee.

Coiniiiittcc.

To the American Railway Engineering Association:

The following subjects were assigned by the Board of Direction to

the Roadway Committee for consideration

:

1. Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

2. Subsidence under Embankment—Methods of determining extent,

character and effect.

3. Shrinkage of Embankment—Select a number of specific instances,

reciting all the conditions, such as locality, weather, foundation, character

of filling material, height of fill, method of construction, etc., to be used
as a guide in estimating shrinkage.

4. Report on prevention or cure of water pockets in roadbed.

5. Continue the study of unit pressures allowable on roadbed of
different materials, co-operating with Special Committee on Stresses in

Railroad Track.

Owing to the unusual conditions brought about by the war and other

circumstances your Committee has been able to give consideration to

subjects 3 and 4 onl^^

SUBJECT N^O. 3.

Your Committee submits as information the following eight profiles

of specific instances of shrinkage of embankments on the Atchison, To-

peka & Santa Fe Railway between mileposts 540 and 553, giving the

percentage of material required to restore the several embankments to

their original width after a lapse of four years' time.

SUBJECT NO. 4.

This subject is one which has been before your Committee for sev-

eral years, and in 1914 a circular letter was sent to the different members

of the Association, asking certain questions in regard thereto. This

letter was as follows

:

"The Board of Direction has assigned to the Roadway Committee for

investigation 'Means for prevention of or cure of water pockets in road-
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bed.' To enable the Committee to consider this subject a reply to the fol-

lowing questions is requested

:

"(1) When were water pockets first noticed by you? Was this be-

fore or after advent of heavy motive power?

"(2) Do you find there is an increased tendency at this time towards
formation of water pockets on old operated lines?

"(3) Describe in detail the position in which you find the ballast in

water pockets.

"(4) Do you find water pockets to be confined "to embankment only

or also in cuts?

"(5) Do you jfind water pockets prevalent in certain localities where
soil conditions are unfavorable to satisfactory maintenance?

"(6) In your opinion, has method of surfacing and tamping track

anything to do with their formation? Please describe methods.

"(7) What methods have you adopted for cure of pockets? Please

describe in detail.

"(8) Have you found any way to prevent formation of pockets either

in old or new track? If so, please describe.

"It is earnestly hoped that a full and detailed reply will be given to

this circular, which will not only cover the points asked in the questions,

but any other phases of the matter you deem important.

"Replies should be addressed to Chairman of Sub-Committee, Mr.
W. C. Curd, Drainage Engineer, Missouri Pacific Railway, Railway Ex-
change Building, St. Louis, Mo., not later than November 15, 1914."

A large number of replies were received to this inquiry and the Sub-

Committee of that year made a progress report, which is printed in Vol.

16, page 595, of the Proceedings of the Association. The Committee at

that time was not ready to form conclusions either as to the best method

of preventing water pockets or the best method of curing water pockets

that exist.

We do not find that anything of particular interest along these lines

has been developed since that report, except that of specially preparing

the roadbed before laying track by means of rolling, an account of which

is printed in Vol. 18, page 658, of the Proceedings.

It is desired, however, to report on this subject, and we have con-

densed and tabulated the replies made to the circular letter above referred

to, and attach a copy of the replies. From these replies and our own
experience along this line, we would recommend the following conclusions

be adopted for inclusion in the Manual

:

Conclusions.

(1) Water pockets have existed for many years in certain localities

since construction.

(2) They have increased and become more noticeable since the use

of heavier equipment and greater density of traffic.

(3) In water -pockets the ballast has generally been beaten down
into the roadbed and formed troughs under the track, the sub-ballast and
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roadbed being pushed out laterally and sometimes raised, forming walls,

to prevent the water draining from under the track.

(4) Water pockets exist in fills as well as cuts, but more generally

in cuts of a clayey nature.

(5) They exist in localities where soil conditions are unfavorable

to satisfactory maintenance, particularly in clay.

(6) Method of surfacing and tamping track has no particular effect

in forming water pockets, but the class of material used as ballast does

have considerable effect.

(7) Water pockets can be prevented in many cases by proper forma-

tion of roadbed and use of proper kind and depth of ballast, as follows:

(A) Where roadbed, in either cuts or fills, is composed of a

more or less clayey material, after the work has been brought to a

sub-grade all construction tracks should be removed and the sub-grade

rolled with a road roller weighing about ten tons, to a uniformly

smooth surface with either sufficient crown or side slope to shed

water ; any resulting depressions below sub-grade being loosened

up with a plow and brought up to sub-grade by the addition of ma-

terial of the same kind as that composing the roadbed ; and then re-

rolled.

After several years' use under traffic it may be necessary to cut

through the shoulder of the sub-grade at frequent intervals to afford

drainage, as the sub-grade under the track will settle several inches

lower than the shoulder.

(B) Sub-ballast should be of engine cinder, screenings or other

similar material, so as to prevent roadbed working up into the ballast

proper. Stone ballast should not be used directly on top of clay or

loam roadbed.

(C) Sufficient depth of ballast should be provided to insure

even distribution of the load on the roadbed.

(D) Construction trains should not be run, if possible to avoid,

over track laid on new roadbed without ballast. This drives the ties

into the roadbed and forms depressions, which later on develop into

water pockets.

(E) In wet cuts, sub-soil drains of vitrified bell and sewer pipe

should be laid on a 4-inch well-tamped bed of engine cinders in deep

ditches, with uncemented joints, and the trench then back-filled with

same material as removed if at all porous, otherwise back-fill with

engine cinder.

(F) Wet cuts of clay should have sufficient crown to drain

properly and the surface should be smooth. Any back-filling neces-

sary to make a smooth surface should be made of the same material

as exists in the cut.

(G) In building new roadbed alongside existing tracks on same

grades, care should be taken not to form new roadbed of impervious
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material at a higher elevation than the original roadbed, but the new

roadbed should be kept at or below this level so as to provide an

outlet for the drainage through the existing ballast. This is particu-

larly important on hill-side construction. If change in existing

gradient is to be made, new roadbed for both tracks should be on

same level.

(8) In curing water pockets the principal object is to provide proper

drainage. This may be accomplished, according to localities, in several

ways, as follows

:

(a) In cuts, by means of sub-soil drains of vitrified bell and

sewer pipe, laid in ditch or between tracks with uncemented joints.

They should be laid at such depth as to be below any movement of

the sub-grade and below the water to be drained. They should be

below the frost line. Lateral drains of pipes or of cinder or stone

may be made to tap the pockets if necessary. Pipe should be covfred

12 inches or more with porous material, and then the trench should

be back-filled with the same material as removed, if at all porous,

otherwise use engine cinders for back-filling.

(b) In cuts were material is very soft to a considerable depth,

a drain about 3 feet square may be provided of large stone, either in

the ditch line or between tracks, and of sufficient depth to take the

drainage.

(c) In cuts where material is soft to a great depth, old ties or

bridge timbers maj' be driven just outside the ends of the ties. These

serve to hold the roadbed in place and to some extent lower the water

level, leaving the top surface of the roadbed more firm.

(d) On fills, water pockets should be tapped by lateral ditches

and filled with porous material so as to drain.

(e) In many cases the material will have to be excavated and

a bed of old timber, cinder or other material spread over the surface

to provide sufficient area to prevent the further penetration of the

ballast into the roadbed, and the ballast should then be replaced with^

good, clean material.
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Director C. E. Lindsay has furnished your Committee an abstract of

a report of the Commissioner of PubHc Highways of the State of New
York for the year 1916 on "Frost Action," which is submitted as in-

formation.

FROST ACTION.

Abstract of report of Fred W. Sarr, Second Deputy Commissioner of Public
Highways for year 191C, concerning maintenance of C,048 miles of im-
proved highway in state of New York, referring particularly to destruction
by frost action of the equivalent of eighty-two miles of 16-foot road, ana-
lyzing the causes and offering certain theories as to frost action.

The field engineers who made the surveys of the broken pavements
were requested to designate a reason or cause for the breakup, and of

the reasons assigned 50 per cent, were accredited to poor drainage.

This answer is one that is most easily assigned and readily accepted

as the cause of broken pavements which develop during the spring months.
This reason, however, will not explain why the roads break up in the

spring and not during a protracted rainy period in the fall, or why they

break up some seasons and not in others.

The conclusions of the writer are that the conditions favorable to

broken pavements in the spring are a wet season the previous year fol-

lowed by an open winter or one with repeated freezing and thawing

;

the effect of these conditions on a silt sand or soft clay produce an un-

stable condition when the frost finally leaves the ground, and if the

pavement crust has not sufficient strength in itself to bridge over the

unstable section and carry the traffic loads, there is but one answer—

a

broken pavement.

The act of freezing of the material forming the foundation of a pave-

ment draws moisture from below. This is demonstrated by freezing of a

reasonably dry earth surface which, after thawing, leaves a wet, muddy
surface.

Following a wet season the level of the ground water is high, per-

haps at the elevation of the bottom of the open ditches. The act of freez-

ing draws this water up to the underside of the pavement which, if im-

pervious, is heaved or raised by the expansion of the moisture by freez-

ing. The frost goes out, but before the moisture can leach away, another

freeze occurs, more moisture is drawn up, more heaving occurs. It is

not uncommon to find pavements heaved four to six inches with not over

eighteen inches of frost.

The expansion of water by freezing is about one-eleventh. It is,

therefore, evident that the extreme heaving is due to something other than

the expansion of the moisture which was naturally in the crust actually

frozen.

We must, therefore, conclude that the act of freezing and thawing

draws up, from the ground water level, moisture which accumulates

under the impervious pavement in frost or ice. thereby lifting or heaving

the pavement.

This action may be observed with many classes of soils, but only in

certain cases will the pavement break through.

When the frost finally leaves the ground in the spring there is an ac-

cumulation of water in the frost-affected area, and with soils that of their

nature by capillary attraction hold the moisture in suspension, they be-

come semi-plastic and unstable. Soils that are not as suited to the capil-
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lary action permit the moisture to sustain the pavement under moderate
traffic.

The soil most productive of broken pavements is a silt sand found
in the valleys. This material when examined with a microscope is found
to be made up of round fragments of rock mixed with a varying quan-
tity of silt or when dry an impalpable powder. This mixture of rounded
sand grains mixed with the very fine powdered silt forms an ideal condi-

tion for the retention of moisture by capillary action, and when in a sat-

urated condition is very unstable, and in extreme conditions is styled

quicksand.

Traffic over the pavement crust where these conditions prevail causes

the pavement to weave, depressing under the load and rising both front

and rear ; with moderate traffic the thin pavement crust may withstand the

weaving without breaking through, the only result being a wavy surface

after the moisture has finally leached away.

But with heavy loads traversing the highway during this unstable

period the pavement first appears to buckle or bulge at frequent points,

after which the destruction is fast ; the pumping action of the passing
load tends to force the plastic subsoil toward the vent at the bulge, where

the pavement eventually breaks in what is termed a frost boil. This break
is then extended at each end by traffic, until the small frost boil may
•extend fifty, one hundred or more feet in extent.

RECOMMENDATIONS FOR FUTURE WORK.

Your Committee recommends for next j'^ear's work a continuation of

the consideration of Subjects 1, 2, 3 and 5.

Respectfully submitted,

Committee ox Roadway.
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H. H. Brewer, Jos. Mullen,

G. D. Brooke, H. A. Osgood,

Ralph Budd, R. J. Pauker,

M. CoBURN, J. H. Prior,

C. E. Denney, V\ . G. Raymond,

J. M. Egan, H. E. Riggs,

L. C. Fritch, S. S. Roberts,

U. E. Gillen, L. S. Rose,

M. V. Hynes, E. F. Rokinson,

C. M. Himmelberger, Mott Sawyer,

W. J. Jenks, Edward C. Schmidt,

P. M. LaBach. J. E. Teal,

Frank Lee,
"

G. S. Waid,

J. DE N. Macomb, C. C. Williams,

Committee.

To the A)nericai> Railv.'ay Engineering Association:

The following subjects were assigned j-our Committee on Economics

of Railway Operation by the Board of Direction

:

1. Report on methods for increasing the capacity of a railroad, col-

laborating with Committee on Signals and Interlocking.

2. Collect data on operating costs from available source.^, including

rate case investigations, necessary to a complete analysis of operating

costs, conferring with Committee on Economics of Railway Location.

3. Report on the effect of speed of trains upon cost oi track main-
tenance.

4. Report on the economic length of operating districts.

5. Report upon the allocation of maintenance of way expenses to

passenger and freight service.

6. Report on the reclamation and utilization of scrap material.

The Committee has been handicapped by the absence of its Chair-

man, Lieutenant-Colonel F. W. Green, who is in Army service in France,

and by the absence of a number of other members in Army service, in

addition to the fact that under the conditions which existed during the

entire year very little time could be devoted by the membership to com-

mittee-work.

COMMITTEE MEETINGS.

The Committee held two meetings at Chicago, one on December 12,

1918, at which nine members were present, and one on Fcliruary 6, 1919,

at which eight members were present.

The work was divided among six sub-committees, their numbers

corresponding to the numbers of the items assigned by the Board of

Direction, as follows

:
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SUB-COMMITTEE NO. 1.

L. C. Fritch, Chairman; U. E. Gillen,
Ralph Budd, W. G. Raymond.
C. M. HiMMELBERGER,

SUB-COMMITTEE NO. 2.

M. CoBURN, Chairman; L. S. Rose,
C. E. Denney, J. H. Prior.

J. E. Teal,
SUB-COMMITTEE NO. 3.

MoTT Sawyer, Chairman; S. S. Roberts,

Frank Lee, C. C. Williams.

J. de N. Macomb,
sub-committee NO. 4.

G. D. Brooke, Chairman; E. F. Robinson,

W. J. Jenks, p. M. LaBach.
R. J. Parker,

sub-committee no. 5.

H. A. Osgood, Chairman; H. H. Brewer,
Jos. Mullen,

'

H. E. Riggs.

J. M. Egan,
sub-committee no. 6.

M. V. Hynes, Chairman; Edward C. Schmidt.
G. S. Waid,

'subject no. 2—collection OF DATA ON OPERATING
COSTS.

A thorough study of existing cost data to determine how applicable

they are to the solution of special problems with which this Committee

is concerned would require a large force and a material expenditure, and

the Committee feels that it should study the methods of analyzing costs

rather than the costs themselves.

The Minnesota Rate Case made an epoch in cost accounting by insist-

ing on more accurate information as a basis for rates. The "Arkansas

Formula" was developed as a result of the decision, and was first used to

find the cost of handling intrastate freight business. The "Formula" is

a detailed method of assigning operating costs to the different services

performed. Records are kept of actual work done by employes handling

different kinds of business, and no expense is spared to make the results

accurate and complete. General expenses are distributed on the basis of

the other apportioned expenses. This method has been widely used in

rate cases.

As an example, in 1916 the Central Freight Association made a very

complete study of the Pittsburgh, Cincinnati, Chicago & St. Louis Rail-

way, and the Cleveland, Cincinnati, Chicago & St. Louis Railway, in Ohio

and Indiana, for a three months' period. This investigation took nearly a

year for the subsequent collection of data, and cost about $263,000. It

went further than previous studies in a supplementary investigation which

separated the terminal costs of L.C.L. and carload freight.
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With these complete investigations, there were collected various

operating statistics, as well as cost figures—statistics which will be of

value even though the cost data may not be applicable under present

conditions.

We may find these figures of value when we have a definite problem

in view.

Since these studies were made, an attempt has been made to develop

simpler and less expensive methods, and formulas have been prepared

which, while they cover only about one-third of the primary accounts, take

care of about 85 per cent, of the expense. The items which are omitted

are mainly the unimportant ones which cannot be easily classified and

which can fairly be divided on the basis of other costs.

New operating statistics are being prepared under the direction of

the U. S. Railroad Administration. It seems probable that the methods

adopted will lead to valuable results, and it is to be hoped that the work

may be continued and where found to be an improvement over old

methods, it should be adopted by the Interstate Commerce Commission.

It is not thought necessary here to discuss these new statistics. Reference

is made to the article by William J. Cunningham, in the Railway Age of

January 3, 1919, on page 43.

SUBJECT NO. 4—ECONOMIC LENGTH OF OPERATING
DISTRICTS.

Sub-Committee No. 4 of the Committee on Economics of Railroad

Operation is instructed to report on the economic length of operating

districts.

Definition.

Operating District—^The section of a railroad extending between termi-

nals where yard and enginchouse facilities are provided which is

covered by slow freight trains in single runs, trips, turns or day's

work.

The economic length or lengths of operating districts of a given

railroad are those with which the sum of interest on first cost, deprecia-

tion and maintenance of road and equipment, and cost of operation, may

be the minimum.

On account of varying speeds the economic length of engine districts

for

(a) Through passenger trains,

(b) Local passenger trains,

(c) Preference or quick dispatch freight trains,

(d) Local and pick-up freight trains,

(e) Slow freight trains handling full engine rating,

are not always the same, and for this reason it is essential to draw a dis-

tinction between engine districts and operating districts. To a large

extent the present practice is for passenger engines and engine and train

crews to cover more than one operating district in a turn or day's work
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either by longer straight-away runs or by doubling one or more operating

districts or portions thereof. To a considerably less extent the same is

true of fast freight trains, and local and pick-up freight trains frequently

have nuis shorter than the operating districts. Therefore, in determining

the economic length of operating districts it will be sufficient to consider

the term "operating district" as applying only to slow freight trains.

The factors affecting the length of operating districts of existing lines

are:

(1) Location of existing yard and enginehouse facilities,

(2) Topographical conditions affecting the construction of new
yards and enginehouse facilities,

(3) Character of grade line,

(4) Capacity of railroad for handling business to be moved,

(5) Density of (a) passenger traffic: (b) last freight traffic:

(c) slow freight traffic,

(6) Location of labor supply and of housing facilities of

employes,

(7) Location of connections with important feeders where there

is heavy transfer of trafilic from one line to another, com-

monly termed "gateways."

All of these except No. 1 apply equally to new lines to be constructed

except that the quantity of traffic frequently has to b: estimated rather

than determined from actual records.

The change in length of operating districts on existing lines has in

the past been brought about by existing yard and terminal facilities being

outgrown and on account of their inadequacy causing serious congestions

of traffic rather than by any other cause. There are very few cases, if

any, of new terminals on existing lines having been established solely

for the purpose of changing the length of operating districts to promote

economy. Usually a terminal becomes congested and topographical con-

ditions are such that it is not practicable to increase its capacity. After

a study of the situation it is found advisable to build a terminal in a new
location, and this changes the lengths of the operating districts.

The disposal of existing terminal properties, the cost of new terminals

and the breaking-up of established places of residence of employes are

questions of such importance that it is rarely the case that any consider-

able change in the length of operating districts on an existing road has

1)een justified alone In the resulting economies, and it is not possible to

establish any rules or formulas which can be followed with any degree

of certainty.

Aside from the questions of providing facilities for increased busi-

ness, the principal items of operating and maintenance expense affected

by the length of operating districts are

:

(1) Wages of train and engine crews,

(2) Fuel and supplies for engines,

(3) Cost of dispatching engines,
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(4) Cost of switching at additional terminals,

(5) Train dispatching and telegraph expenses,

(6) Maintenance of yards and engine terminals,

(7) Maintenance of locomotives (locomotives required, both

road and yard, increase as the number of operating districts

increase),

(8) Inspection and maintenance of cars, as alTected by switching

at additional terminals.

Take as a simple example a railroad of 500 miles operated under

. Scheme A—Four operating districts of 125 miles each,

Scheme B—Five operating districts of 100 miles each.

(1) Under favorable conditions many freight trains will cover the

100-mile districts in from six to eight hours and a part of the w^ages of

train and engine crews will be for "constructive" hours, and hence un-

productive. With 125-mile districts this will not be so, or there will be

less of it, and the wages of train and engine crews will be reduced

accordingly, excepting as to such overtime as might be made on a longer

district.

(2) Then if freight trains move at an average speed of 12i/ miles

per hour between terminals it wull take a locomotive

500
Scheme A -f- 6 X 4= 64 hours

12.5

500
Scheme B — -f 6 X 5 = 70 hours

12.5

to move a train over the 500 miles, one way. It will therefore require

70— 64
^.09375 = 10 per cent. ( approximatelv)

64

more road locomotives with Scheme B. Switching at the additional

terminal Avill require at least two switch engines, so that if 60 road

engines are required with Scheme A, then 60 -|- .10 X 2 =r S additional

engines will be required with Scheme B and the cost of fuel and supplies

for these engines will be additional expense with this scheme.

(3) With Scheme B there will be 6 terminals, 4 intermediate, while

with Scheme A there will be 5 terminals, 3 intermediate. The number

of engine dispatchments under Scheme B will be approximately one-fifth

more than under Scheme A and an additional supervisory and working

force will be required, embracing ashpit, engine liouse, coal dock, power

house and miscellaneous labor.

(4) Incident to the additional intermediate terminal under Scheme
B there will be a certain amount of switching and a force of yardmasters,

yard-clerks, switchmen, etc., required, adding to the expense of opera-

tion under this scheme.
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(5) On account of there being an additional operating district an-

other set of train dispatchers will be required under Scheme B and the

additional terminal will add at least one telegraph office.

(6) The yard tracks, buildings and appurtenances of the additional

terminal under Scheme B will have to be maintained and will add to this

expense approximately one-fifth.

(7) There will be, as developed above, 6 road and 2 yard locomotives

more required under Scheme B. These will have to be rr.aintained at

approximately the average cost of maintenance of all locomotives under

Scheme A.

(8) A force of car inspectors will be required at the additional

terminal and there will be a certain amount of damage to equipment in

switching there, requiring repairs to the- cars. This will add to the cost of

repairs to cars under Scheme B.

This indicates briefly the result on the cost of operation of the estab-

lishment of additional terminals, so long as the lengths of the operating

districts are held within practicable limits. However, the exercise of care

and good judgment is necessary in making the decision between very long

or moderately long districts. If the districts are very long, the average

time of the crews on the road will be too great and there will be great

likelihood of having to relieve them to avoid violations of tbe Hours of

Service Law. Moreover, the factors aflfecting the length c,i operating

'districts Nos. 2 to 7 inclusive, page 434, have such an important bearing on

the location of terminals and the economic length of operating districts

that it is plainly evident that each case presents a problem in itself, which

can be solved correctly only after a careful study of its own peculiar con-

ditions. There are, however, certain principles which should be kept

clearly in mind in determining the economic length of operating districts.

These may be stated as follows

:

(a) The number of terminals at which trains are switched and en-

gines dispatched has a direct bearing on the cost of operation

and should be a practicable minimum..

(b) It is advantageous to so locate terminals that locomotives will

haul full tonnage rating over the entire operating district.

(c) It is advantageous to locate terminals at the intersections of

natural railroad routes which will develop into important gate-

ways,

SUBJECT NO. 6—RECLAMATION AND UTILIZATION OF SCRAP
MATERIAL.

The Committee report on this subject is submitted as "A.ppendix A,"

as a matter of information.

PROGRESS REPORTS.

The Committee reports progress on Subjects 1, 3 and 5.
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CONCLUSIONS.

The Committee recommends the acceptance of this report as informa-

tion, it being considered unnecessary to insert any portion of the report

in the Manual at this time.

RECOMMENDATIONS FOR FUTURE WORK.

The Commitete recommends the reassignment of Subjects 1 and 5

for the coming year, together with a modification of Subjects 2 and 3,

the four subjects recommended being as follows:

(1) Report on methods for increasing the capacity of a T^ilroad, col-

laborating with the Committee on Signals and Interlocking.

(2) Report on method of analyzing costs, for the solution of special

problems with which this Committee is concerned.

(3) Effect of speed of trains upon cost of operation. (This year's

subject covered effect upon track maintenance only.)

(4) Report upon the allocation of maintenance of way expense to

passenger and freight service.

Respectfully submitted,

Committee on Economics of Railway Operation.



Appendix A.

RECLAMATION ANJ) UTILIZATION OF SCRAP ^LATERIAL.

Within the past four years there has been an advance in the cost

to railways o£ every class of material necessary to be used for the pur-

poses of maintenance and operation. The increase has in some instances

amounted to several hundred per cent. Therefore, the question of re-

claiming and conserving material is of vital importance to the economical

operation of railways.

Only a few years ago the reclaiming of scrap was unknown in the

railroad field. The railroads were very wasteful and indifferent with

one of their largest assets—Materials., It is true that the large railroad

systems assorted all scrap and believed they were getting good prices

for this material, but it took the scrapdealcrs to start the reclaiming

and reselling of the good material back to the railroads. A large num-

ber of railroads sold their accumulation oL scrap unassorted; large

(luaiititics of unusable material cast aside by mechanics in repairing roll-

ing stock found its way to the scrap pile.

The reclamation of scrap material is receiving considerable attention.

The large railroad systems have puddling furnaces and rolling mills in

the Reclaiming Department. The successful operation of a reclaiming

plant requires a careful study of the work and it is very important that

a competent and practical man is in charge for careful supervision and

inspection, that the work of reclamation is not overdone or carried to

extreme, that the cost will not exceed the co^t of new material and that

there is no reclaim of a large quantity of material that might not be

needed.

That reclamation work may have its value, it is absolutely essential

that careful cost records be maintained, otherwise in many cases the

saving would be on the wrong side of the ledger. The actual cost of

repairing an article must be based on the value of the material used,

labor, shop expense and supervision ; the material to be charged out at

the market value as scrap; labor charge at the actual labor cost of doing

the work; the shop expense and supervision are proportionate charges.

After the cost of an article has been obtained, it is to be deducted from

the value of the article as new, and this difference represents the saving

effected. If the cost exceeds the value of the article as new, there is a

loss, and if this continues to show on the shop order the repairing of

the article is discontinued.

There is no item that should receive greater care or attention than

the reclamation of scrap. The railroad officers to-day realize the great

value of material returned to service that formerly was sold as scrap

with the saving annually of thousands of dollars.

The reclamation of ma,terial started with the straightening and re-

threading of bolts, but now all classes of work are done from tinware

to the welding of broken locomotive frames, cylinders, fire-boxes, etc.,

438
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and it not only represents the saving of the material, but also makes a

greater saving in time saved in making repairs by the oxy-acetylene and

the electric arc welding process and keeping the power and other equip-

ment in service.

One of the largest net savings in the operation of a reclamation

plant is the straightening and rethreading of bolts and nut tapping. No
material is more generally used in the maintenance of railway equipment

than bolts, nuts and washers. The annual expenditure of these com-

modities is very large and the question of reclamation is an important

one. However, the handling of scrap material and the essential opera-

tions require a careful study together with a plant so arranged as to

eliminate all unneccssarj' handling and as far as possible to handle

material in quantities; also only necessary machine tools should be

installed that can be kept in constant use, such as shears, power hammer,

smith forges, forge furnace, small bending machine, bolt threading, nut

tapping, punching machines, oxy-acetylene and electric welding, car brass

and rebabbitting and boring machines, leaving the re-rolling machines

for the very large plants only, where the accumulation of large quan-

tities of wrought scrap suitable for re-rolling purposes warrants the

installation of a rolling mill and furnace where scrap iron can be heated

and rolled in billets and slabs, bars and shapes. The reclamation work
does not begin at the plant but it is the duty of every employe using

material to conserve it the same as if it were his own property.

The reclamation of scrap must progress even on the short line roads.

About three years ago a small railroad started a reclamation plant on a

small scale and below we give some of the results obtained:

For bolts and luits a small plant was installed with nut tapping, bolt

threading and bolt straightening and cut-off machine. This plant is

kept constantly at work. All material when completed is returned to

the storehouse and placed in bins with new material. This department

is in charge of the storekeeper. An electric welding unit was installed

and circuits with plugs located throughout the locomotive shop and

enginehouses. Oxy-acetylene floor was located in the smith shop for

welding and building up of the heavy castings, such as draw-bars, body

bolsters and miscellaneous work. This department is under the super-

vision of the smith foreman. An operating plant is located in car or rip

yard for the same work to avoid rehandling and save the distance from

scrap dock, which is adjacent to the smith shop. All material from the

dock goes, after inspection and assortment, to the smith shop floor, when
the material is promptly repaired and returned to the Store Department.

.There are in use seven portable oxy-acetylene outfits for use in quick

repairs on rip tracks and in shop and enginehouses. It i> found that

this process for repairs, welding, etc., is indispensable, and has greatly

reduced time on work done, and shows from records kept the first year

in use (1916) a saving in cost of labor and material of over $10,000 to

this company. At the start some trouble w'as had on account of inex-
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pcrlenced operators. An arrangement was made with the Railroad Oxy-
Acetylene Company of Chicago, who sent an instructor, with the result

that the men have become extremely proficient in the art of welding.

Attached hereto are statements showing just what was accomplished

during the first year of reclaim work \vhen the men did not thoroughly

understand the art of welding. These statements are remarkable for

that reason. There are two hundred different articles now reclaimed

which formerly were sold as scrap.

Statements.

"A"—Statement indicating cost of journal bearings rebabbitted as com-

pared to cost of new bearings and saving efifected.

"B"—Statement indicating visable material reclaimed during October and

November from scrap dock and again placed back into service

and value of same.

"C"—Statement indicating material reclaimed through oxy-acetylene

welding process, which otherwise would have been scrapped and

value of same.

Note on statement "A" that for the five months, August to Decem-
ber, inclusive, saving of $2,226.36 has been effected by the use of car

brass rebabbitting and the boring as against what we would have had

to pay for the same material if purchased in the open market or under

contract. The equipment installed for this reclaim work cost $360.00.

On statement "B" it will be noted that during the months of October

and November material in value amounting to $804.30 has been put back

in service. If sold as scrap we could not have realized to exceed $200.00.

Based on these figures a saving of $5,000 or more on material reclaimed

ought to be efifected during the year 1917. The year 1917 shows a saving

on reclaimed material of over $8,000.00.

Statement "C" indicates items welded during the period February 25

to March 31, 1916, and shows a saving of $224.00 on material that

otherwise would have been sold or scrapped. The saving during the j'ear

1916 shows approximately $5,800.00 effected. For heavy welding work

there is no question but that welding of broken parts is entirely success-

ful. There was a case of broken cylinder in new locomotive which was

welded successfully, a large section broken, costing $58.00, labor and ma-

terial; the saving effected was $1,150.00. The locomotive was out of

service forty hours, otherwise it would have been necessary to hold the

engine for new cylinder and saddle for shipment from the factor3\ The

process embraces every conceivable item of casting, welding and building

up broken or worn parts of material in the service and welding fire-boxes

without tearing them down as formerly for patching.

It is also found the oxy-acetylene for cutting and welding is of great

service for use on the wrecking crane for cutting steel cars and other

parts when badly damaged in wrecking. Considerable time has been

saved by its use. There is no limit to the use that the oxy-acetylene can
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be put to. This plant has not tried the welding on switch points and

frogs, as it is understood no good results have been obtained. This is

very important and experts are experimenting along these lines. A great

saving will result if the welding of broken parts of frogs and building up

switch points without removing from the track could be satisfactorily

accomplished.

The electric welding outfit is used for Hght welding, work flues, etc.

The capacity of the machine is 150 amp. and is too light for heavy weld-

ing. For general railroad work a machine of 600 amp. capacity, with

four operating leads, is suggested. However, the oxy-acetylene process

is superior for railroad use. The portable outfits can readily be moved
to the work and have been giving excellent results. Perfect work has

been accomplished with the electric machine, but only when in the hands

of expert operators who are to be found with the manufacturers of the

machines. The trouble is in the control of the arc, to get a constant heat,

especially is this true for heavy welding ; it requires more expert handling

than the oxy-acetylene process.

The total cost to equip this Reclaiming Department was $4,000.00. No
new buildings were required and the layout of shop and yard is such

that this work can be handled as economically as with a centrally located

plant for the quantities handled. It is understood for larger reclaiming

plants, with double the quantities of material handled, it would be neces-

sary to have a separate plant for the reclaiming of scrap material.

This shows what can be accomplished on one division, using sixty

locomotives and two thousand cars. On a large railroad a saving should

be many times what is shown on attached statements.

Statement "A"

Month
and Year

1916
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Statement "B."

Material Reclaimed During the Month of October.

10 6-in. Springs 350 lbs.

8 8-in. Springs 360 lbs.

10 7-in. Springs 400 lbs.

1,110 lbs. (?? $ 2.81^ cwt. $ 31.22

268 lbs. C. I. Washers 1.65 cwt. 3.42

3671bs. Floor Washers .02 1b. 7.34

10 Air Hose 11 7.30

7 Knuckles 2.80 19.60

3 Car Brass 30 lbs. .24 7.20

12 Door Guides .46 5.52

1 Steam Heat Valve 16.65 16.65

1 Main Rod Brass 70 lbs. .18 12.60

1 Tripple Valve 7.50 7.50

12 Brake Shoes 240 lbs. 32.50 G. T. 3.48

8 Knuckle Pins .31 2.48

426 lbs. Mixed Nuts 3.50 cwt. 14.91

1981bs. Mixed Washers 2.15 cwt. 4.26

30 lbs. H-in. Bolts 1.50 cwt. 2.25

240 lbs. Vi-'m. Bolts 6-8 1.91 cwt. 4.58

890 lbs. -5^-in. Bolts 5-21 .'

2.91 cwt. 25.90

2655 lbs. 34-in. Bolts 3-22 5.91 cwt. 52.20

6875 lbs. %-in. Bolts 6-23 8.05 cwt. 158.18

1288 lbs. 1 -in. Bolts 9-21 9.40 cwt. 30.27

7601bs.l>^-in. Bolts 7-20 10.05 cwt. 19.10

$435.96

MATf:RL\L Reclaimed Dltring the Month of November.

4055 lbs. ^-in. Bolts 5-21 @ $ 8.05 cwt. $133.21

982 lbs. V^-m. Bolts 5-10 2.91 cwt. 25.95

1757 lbs. 3/^-in. Bolts 6-18 5.01 cwt. 34.57

526 lbs. K'-in. Bolts 4-13 1.91 cwt. 30.14

810 lbs. 1-in. Bolts 6-18 9.40 cwt. 18.19

655 lbs. 114-in. Bolts 7-15 10.40 cwt. 13.62

15 Air Hose .73 10.95

20 Brake Shoes 200 lbs. 32.50 G. T. 4.20

1398 lbs. Nuts : 3.50 cwt. 48.93

13 Brake Hangers 104 lbs. .04 4.16

560 lbs. Washers 2.15 cwt. 12.04

35 Brake Shoe Kevs 40 lbs. 3.50 cwt. 1.40

4 Cut Out Cocks. 1-in .90 3.60

1 Knuckle 2.80 2.80

4 Knuckle Pins .31 1.24

16 Car Springs No. 720 2.81^ 20.24

50 Clevises .05 2.50

$368.34

Material reclaimed during the month of October. . .$435.96

Material reclaimed during the month of November. 368.34

Grand Total $804.30
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SrATEMEXr "C."

Saving Effected February 25 ro March 31, 1916, by Use of Ox-Weld
CUTTIXG AND WeLDING OuTFIT AND OtHER RECLAIM METHODS

Introduced During the Year 1916.

O.v-weld Cost Under
Itons. Labor. Cost. Old Method. Saving.

9 Drawbars $5.53 $13.00 Scrap $36.00
Engine frame weld 1.92 2.69 S8.00 3.69

6 Drawbars 2.85 8.65 Scrap 12.60

2 Engine drawbars 8.75 1.38 4.32 2.77

1 Freight car truck bolster 1.84 3.58 7.60 2.18

4 Drawbars 1.38 8.40 Scrap 2.28

Car end sill 615 .54 Scrap 3.20

Locomotive side rod plug 18 .34 2.10 1.58

Eng. 152 tank center plate 75 2.65 Scrap 1.85

Car truck..-. 615 1.82 Scrap 11.32

Machine repairs 615 .60 Scrap 2.85

Pedestal car work 945 3.40 4.44 6.60

Freight car bolster ,. . 6.76 5.50 Scrap 9.74

Engine truck box 1.23 .80 Scrap 1.22

Machine repairs 31' .71 1.71 .69

3 Freight drawbars 1.85 2.00 Scrap 5.15

Coach seat braces 3.75 .40 Scrap 1.00

4 Truck bolsters 7.60 25.00 Scrap 9.00

Miscellaneous tools 4.20 18.80 Scrap 35.00

Freight car channel posts 1.85 2.00 Scrap 15.00

Car bolster 1.02 2.80 5.20 1.38

3 Draft lugs, freight cars 1.82 1.80 Scrap 4.00

Eng. 1466, transmission bar 55 1.60 4.25 2.70

Eng. 1466, valve rod 60 1.00 2.00 .40

Freight car bolster 1.30 5.20 Scrap 12.00

Eng. 1469. trailer truck 2.40 1.20 12.00 4.80

3 Truck bolsters 2.20 10.40 Scrap 36.00

$63.43 $126.26 $224.40

Ox-weld cost includes gas and equipment used.

Cost under old method represents cost of repairing before present

reclaiming methods were introduced. '"Scrap" indicates material that

formerly could not be reclaimed.

Saving represents net saving due to improved methods, making due

allowances for scrap values.





REPORT OF COMMITTEE IV—ON RAIL.

G. J. Ray, Chairman; H. B. MacFarland, Vice-Chairman;

E. E. Adams, Howard G. Kelley,

J. A. Atwood, R. Montfort,

A. S. Baldwin, A. W. Newton,

W. C. Barnes, J. R. Onderdonk,

Chas. S. Churchill, H. R. Safford,

W. C. Gushing, J. P. Snow,

G. M. Davidson, F. S. Stevens,

Dr. p. H. Dudley, E. Stimson,

J. M. R. Fairbairn, R. Trimble,

L. C. Fritch, F. M. Waring,

A. W. GiBBS, M. H. WiCKHORST,

J. D. Isaacs, Committee.

To the American Railway Engineering Association:

Your Committee on Rail respectfully submits herewith its report to

the Twentieth Annual Convention.

The subjects assigned the Committee for 1918 by the Board of

Direction for investigation and report were as follows

:

1. Make critical examination of the subject-matter in the Manual,

and submit definite recommendations for changes.

2. Report on rail failures and present statistics and conclusioas as

to causes and submit suggestions for improvement.

3. Continue special investigations of rail.

4. (a) Report on details of manufacture and mill practice as they

affect quality of rail.

(b) Continue research on the possibility of various improve-

ments in methods of manufacture of steel rail.

5. Make critical study of joint bars from the standpoint of design

and material, together with laboratory tests, including strain-gage meas-

urements after having established a uniform method of comparative

testing.

6. Report on relative value of material for joint bars, quenched only

versus quenched and tempered, and whether it is most advantageous to

quench in oil or water.

7. Report on rational relation between intensity of pressure due to

wheel loads and resistance of rail steel to crushing and deformation.

8. Continue investigation and development of methods of inspection

9. Report on Federal and State Commission requirements.

10. Report on extent of use of Frictionless Rail, and results obtained

therefrom.

• 445
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Meetings were held in 1918 as follows : New York, May 21, with

16 present; New York, October 2, with 16 present; Chicago, November 21,

with 16 present; New York, December 10, with 19 present.

(1) REVISION OF MANUAL.

The specifications for steel rails are in need of revision in the

light of knowledge gathered in recent years and we give in Appendix A
specifications which are submitted for consideration and discussion

during the coming year. A number of changes have been made from the

present specifications in the Manual, all of which should be given care-

ful thought, but mention may be made of the following:

a. The manganese is raised 10 per cent, in both lower and upper

limits in open-hearth rails, making the proposed lequirement .70 to 1.00

per cent.

b. For open-hearth rails 111 lbs. per j^d. and over the carbon is

made .67 to .80 per cent., an increase of .05 per cent, for the heaviest

class of rails.

c. For open-hearth rails the acceptance analysis is made on a sam-

ple from the finished rail instead of the ladle test ingot.

d. The bending of the rail in the physical testing may be accom-

plished by either the drop test or the quick bend test (hydraulic bender),

as agreed upon in the contract.

e. The elongation is required to be at least eight per cent, in one

inch instead of six per cent.

f. Three test pieces for bending are selected from each heat of open-

heartTi rails and all three are required to meet the requirements.

(2) RAIL FAILURE STATISTICS.

The statistics covering rail failures for the period ending October

31, 1917, were issued in Bulletin 209 for September 1918. (See Appen-

dix E.) The average failures per 100 track miles of the rollings for the

several years, including both Bessemer and open-hearth rails, are given

herewith. This summary includes statistics from reports for the years

1913 to 1917 inclusive.

Year

Rolled.

1

1908

1909

1910

1911

1912 28.9

1913 12.5

1914 8.2

1915 8.9

1916 11.8
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It will be noted that the 1908 to 1912 rollings show successively

decreased numbers of failures compared on a basis of five jears' service,

and the rollings of 1913 and 1914 also show successively decreased

failures when compared on a shorter period of service. The more

recent or "war-time" rollings, however, are not starting out so well, but

what the final performance will be can only be told after they have been

in service a sufficient length of time.

(3) SPECIAL INVESTIGATIONS.

During the year special reports have been presented by the Rail

Committee as follows

:

No. 71. Transverse Fissure Rails on Pennsylvania Lines. Heat

31531, by M. H. Wickhorst. (Bulletin 209.) (See Appendix C.)

No. 12. Interior Fissure Rails on the Baltimore & Ohio Railroad,

Heat 5X157, by M. H. Wickhorst. (Bulletin 209.) (See Appendix D.)

No. n. Rail Failure Statistics for 1917, by M. H. Wickhorst.

(Bulletin 209.) (See Appendix E.)

No. 74. Transverse Fissure Rails on Delaware, Lackawanna & West-
ern Railroad, Heat 27314, by M. H. Wickhorst. (Bulletin 209.) (See

Appendix F.)

No. 75. Tests of Splice Bars at Altoona. (See Appendix G.)

No. 76. Quick Bend Test for Rail, by W. C. Gushing. (See Ap-
pendix H.)

No. 11. Report on Transverse Fissures, by Dr. P. H. Dudley. (See

Appendix I.)

No. I'i^. Report on E.xtent of Use of Frictionless Rail and Results

Obtained Therefrom. (See Appendix J.)

The paper on "Transverse Fissure Rails on the Pennsylvania Lines"

gives the results of an investigation of sixty-one rails from one heat.

The fissures were mostly of the "simple transverse" type. The carbon

was somewhat high, but there was, in general, freedom from "segrega-

tion." The several mechanical tests showed about normal physical prop-

erties in the rail metal, except in the interior of head, where the metal

was very low in ductility. The tests also showed that to detect this con-

dition, the rails should be tested with the head in tension.

The paper on "Interior Fissure Rails on the Baltimore & Ohio Rail-

road" gives the results of an investigation of fifty rails from one heat.

The fissures were- of the "compound" type, in which the primary break

is usually horizontal with a transverse branch issuing from it. The
fissures worked out from threads of non-metallic inclusions in the inter-

ior of the head, which rendered the metal "crumbly" in a transverse

direction.

The paper on "Transverse Fissure Rails on the Delaware, Lacka-

wanna & Western Railroad" gives the results of an investigation of

twenty-five rails from one heat.
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The paper on "Tests of Splice Bars at Altoona" gives the results

of an extensive investigation of several designs of rail joints and of the

effect of heat treatment of the bars. This investigation showed that,

although joints ordinarily had an elastic limit less than the continuous

rail, still with suitable design of bar and heat treatment of the material,

the joint has a higher elastic limit.

The paper on "Quick Bend Test for Rail" describes the hydraulic

bending apparatus and gives the results of some comparisons with the

drop test.

The "Report on Transverse Fissures" reviews the results of recent

investigation and in particular presents a tabulation showing that trans-

verse fissure failures have been much less numerous in rails from re-

heated blooms than in direct rolled rails.

The "Report on Frictionless Rail" gives the replies of seventeen rail-

roads covering their experience with this type of rail on curves up to the

close of 1918.

(4) MILL PRACTICE.

In order to decrease the pressure required to gag a rail. Dr. P. H.

Dudley has been making experiments at several mills with the supports

in the gag press increased from the usual spacing of 42 inches to spans

up to 60 inches. Curves showing the relation between the distance

between supports and the load required to produce permanent set are

shown in Fig. 1. It will be noted that the load decreases as the span

increases and consequently the local pressure of the bending die and

the distortion of the metal at the point of pressure would decrease.

Some experimental work has been done in gagging rails with the longer

spans and we hope to have some developments to report at a later date.

We give below some notes of changes and improvements in mill prac-

tice. C. S. Churchill, Chairman of the Sub-Committee, made a re-

port on the subject of Mill Practice, shown as Report No. 51, dated

November, 1915.

The following paragraphs marked (*) were intended in Mr.

Churchill's Report No. 51, and are complete except as to date of im-

provement :

Bethlehem Steel Company.

*Recarburizing now done by adding liquid iron to the furnace, instead

of catching the carbon coming down which was the old practice.

*Reheating furnace installed to wash heat the hot blooms. (Opera-

tion was started about November, 1914.)

More details regarding the practice of reheating the blooms are as

follows : The blooms remain in the furnace about one hour (57 minutes

is the correct time) and the temperature of the bloom on entering the

furnace is about 2030° F. and emerges 2360° F. Shrinkage allowance

for all rail sections has been increased, as the rails finish hotter than

when rolled direct.
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Hot beds : Rails are carried out two at a time for the 105-lb. section,

and not in groups of three or four as at other mills. The beds are care-

fully protected in the winter by enclosure of the entire building, which

prevents gusts of cold air striking the cooling rails.

Stamping: All rails are stamped with the ingot number as well as

the melt number and rail letter.
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The roughing, intermediate and finishing rolls in Mill No. 2 were

placed in operation probably in 1914. The principal passes are con-

structed for dtagonal rolling.

Rails from Mill No. 2 are gang sawed.

Straightening Presses : A new improved press is now in use, the

chief features of which are as follows

:

1. Die block is 18 in. wide, has a 4-in. flat at its center, and tapers

7 in. either side of this flat.

2. Stroke of press, 2 in.

3. Strokes per minute, 45.

4. Supports, 40 in. apart, inside to inside. General dimensions of

supports, 4^ in. wide, 12% in. long and 2 in. thick.

5. Spring supported rollers are located 18 in. from the inside edge

of the supports of the press. They are 9 in. in diameter, and the spring

cylinder is 6 in. in diameter. The springs under the roller shafts are

so adjusted as to cause the rail when first placed in the press to be about

3^2-in. above the level of the straightening press supports. When the ap-

plication of the gag is made, the effect of the blow is first transmitted to

the spring supported rollers, and this continues until the rail comes in

contact with the supports of the press. This is in effect an actual

lengthening of the distance between supports and considerably reduces

the amount of work when the span of the rail between supports is 60 in.

(The probable date of this change is February, 1918.)

Illinois Steel Company, Gary Works.

New Ingot Molds Compared to Old Type

22y^ in. square at bottom. 20 x 24 in. at bottom.

21^ in. square at top. 18^x22^ in. at top.

Fillets at bottom, 8 in. Fillets at bottom, 2^/2 in.

Fillets at top, 7^ in. . Fillets at top, 3J4 in.

Height, 79 in. Height, 78^ i"-

To roll ingots produced in these molds, it was necessary to recon-

struct the tandem passes. The first three passes are "diamond" shape,

as the ingot is turned so that the reduction of section is transmitted

from these corners with their large radii fillets.

(These changes were made in 1917, and probably in March.)

A reduction in the number of rails containing head and base seams,

also flaws, has followed these changes, and has much improved the gen-

eral quality of the rail.

Straightening Presses : Two presses have been changed in detail to

make the supports 60 in. apart. One other press has supports 54 in.

apart. Others are to be changed in the future.

Lackawanna Steel Company.
Deseaming of the bottom of the rail bar started early in 1914.

Deseaming of the head and base started July 3, 1914.

Hot bed enclosures have been improved and all possible protection

given to the rails, starting with the winter rollings of 1914-15.
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Straightening Presses : First press with 60-in. supports installed or

equipped November, 1916. Two other presses changed over to 60-in.

supports during 1917 and 1918.

Pennsylvania Steel Company.

*Ingots lormerlj- used were 18 x 24, finally adopted.

*The entire mill has been rebuilt including the soaking pits.

(5) RAIL JOINTS.

A standard method of testing rail joints is desirable to enable the

results of different laboratories to be compared with each other, which

cannot now ordinarily be done, due to differences in the details of con-

ducting the tests. The Committee submits in Appendix B a method of

testing rail joints with the recommendation tha.t it be adopted and in-

cluded in the Manual. This- method proposes a span of four feet between

supports, which is longer than has been used in most investigations of

rail joints, but is done for the purpose of allowing the test to be made
with a lighter load and thus allowing it to be made in a greater number

of laboratories. This is also the span used in the hydraulic bend test of

rails and in the drop test of sections of rail 111 pounds per yard and

over.

The Altoona Laboratory of the Pennsylvania Railroad made some ex-

tensive tests of different joints and joint bars, the results of which are

given in Report 7S. Tests of Splice Bars at Altoona, Appendix G.

(6) MATERIAL FOR JOINT BARS.

Report 75 also gives the results of an investigation of the effect of

heat treatment and the results showed that while ordinarily the rail joint

has a lower elastic limit than the unbroken rail, joints made with barj; of

suitable designs and heat treated have elastic limits higher than the con-

tinuous rail.

(7) INTENSITY OF PRESSURE.

The Committee reports progress on this subject. The work described

in the last annual report has been continued and we expect to report the

additional findings at a later date.

(8) METHODS OF INSPECTION.

The Pennslyvania Railroad has continued work with the hydraulic or

quick bend method of testing rails as described in Report 76, Quick Bend

Test, Appendix H. This method seems to be preferable to the drop test,

in that it gives more complete information, is quicker of operation and

the breaks also ate practically always normal tension breaks of the part

in tension, which is frequently not the case in the drop test. For these

reasons it has been included as an alternative method of testing rails in

the proposed specifications for steel rails submitted with this report.



452 Rail

Anuther method that is being tried for the examination of the in-

terior condition of rails is the process of deep etching of longitudinal sec-

tions, in strong acid. The Altoona Laboratory has examined some longi-

tudinal slabs about J4 inch thick cut from the interior of the head of

transverse fissure rails, by keeping them for two hours in a hot mix-

ture of hydrochloric and sulphuric acids. The Committee has modified

this method by taking a slab consisting of the top part of the head as

illustrated in Fig. 2. This slab is etched or pickled for 30 to 45 min-

utes in strong commercial hydrochloric or muriatic acid in a large porce-

lain dish and kept at a temperature of about 180 deg. F. The Committee

Fig. 2

—

Slab of Rail Head for Etching.

expects to have some results from these examinations to report at a

later date.

(9) FEDERAL AND STATE COMMISSION REQUIREMENTS.

The Committee has gathered some information on this subject but

feels that under conditions as they are it is needless to continue work on

the matter and asks to be relieved from further consideration of the

subject.

RECOMMENDATIONS.

Your Committee submits the following recommendations:

1.. That the method of testing rail joints submitted with this report

be adopted by the Association and included in the Manual.
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2. That the revised specifications for steel rails submitted with this

report be printed in the Proceedings for consideration and discussion

luring the coming year.

RECOMMENDATIONS FOR FUTURE WORK.

The Committee recommends that subjects be assigned to it toi 1919

as follows

:

1. Make critical examination of the subject-matter in the Manual

and submit definite recommendations for changes.

2. Report on rail failures and present statistics and conclusions as

to causes and submit suggestions for improvements.

3. Continue special investigations of rail.

4. Present revised specifications for steel rails.

5. Present sections foi' rails heavier than 120 lbs. per yd.

6. Report on details of manufacture and mill practice as they affect

quality of rail.

7. Report on material and design of joints and joint bars, and meth-

ods of treatment.

8. Report on rational relation between intensity of pressure due to

wheel loads and resistance of rail steel to crushing and deformation.

9. Report on "Fiictionless" rail.

10. Report on effect of age on the physical properties of rail steel.

11. Continue investigation and development of methods of inspection.

Respectfully submitted,

The Committee on Rail.
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PROPOSED SPECIFICATIONS FOR CARBON STEEL RAILS.

Inspection.

Access to Works.

1. Inspectors representing the purchaser shall have free entry to the

works of the manufacturer at all times while the contract is being exe-

cuted, and shall have all reasonable facilities afforded them by the man-
ufacturer to satisfy them that the rails have been made and loaded in

accordance with the terms of the specifications.

Place for Tests.

2. All tests and inspections shall be made at the place of manufac-

ture prior to shipment, and shall be so conducted as not to interfere

unnecessarily with the operation of the mill.

Material.

Material.

3. The material shall be steel made by the Bessemer or Open-

Hearth process as' provided by the contract.

Chemical Requirements.

Chemical Composition.

4. The chemical composition of the steel, determined as prescribed

in Section 6, shall be within the following limits

:
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senting the average of the elements, carbon, manganese, sili-

con, phosphorus and sulphur contained in the steel, one for

each day and night turn, respectively. These analyses shall

be made on drillings taken from the ladle test ingot not less

than % inch beneath the surface.

B. Open-Hearth Process.

(a) Finished Rail Analysis. An analysis shall be made
for the elements, carbon, manganese, silicon, phosphorus and

sulphur, of a piece of rail representing each heat. The drill-

ings for these analyses shall be taken from a piece of the

finished rail bar adjacent to a drop test specimen, longitudi-

nally of the rail with a one-half inch drill, close to an upper

corner of the head.

(b) Ladle Analysis. For the information of the Inspec-

tor, the manufacturer shall furnish a chemical analysis of

the elements, carbon, manganese, silicon, phosphorus and sul-

phur, for each heat. These analyses shall be made on drill-

ings taken from the ladle test ingot not less than one-eighth

inch beneath the surface.

C. Check Analyses.

On request of the inspector, the manufacturer shall fur-

nish a portion of the ladle test ingot for check analyses.

Physic.vl Requirements.

Physical Qualities.

7. Tests shall be made to determine

:

(a) Ductility or toughness as opposed to hrittlcness.

(b) Soundness.

Method of Testing.

8. The physical qualities shall be determined by

:

(a) The Drop Test, or

(b) The Quick Bend Test, if made a part of the contract.

Drop Testing Machine.

9. The drop testing machine used shall be the standard of the Ameri-

can Railway Engineering Association, the essential points of which are

:

(a) The tup shall weigh 2,000 lbs., and have a striking face

with a radius of five inches.

(b) The anvil block shall weigh 20,000 ibs., and be supported

on springs.

(c) The supports for the test pieces shall be a part of, and

firmly secured to, the anvil ; their bearing surface shall have a ra-

dius of five inches..

(d) The spacing of the supports between centres shall be :

3 feet for rails weighing 110 lbs. or less per yard,

4 feet for rails weighing from 111 to 140 lbs. per yaid, inclu-

sive.
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Machine for Quick Bend Test.

10. The Quick Bend Test shall be made with a hydraulic press of not

less than 350 tons capacity, some of the details of which are as follows

:

(a) The foundation for the supports for the test specimens

shall be adequate to sustain rigidly the total load applied by the

press.

(b) The supports shall be solid flat bearing surfaces, with ver-

tical faces 48 inches apart, with the inner edges rounded t^ sl %
inch radius.

(c) The head of the ram shall have a bearing face with a

radius of five inches.

(d) The speed of the ram shall approximate 13 feet per min-

ute when allowed free travel.

(e) A hydraulic indicator shall be connected with the press so

that the pressure on the head of the ram is registered by the pen

arm on a vertical scale, and the distance rotated by the cylinder

shall be pi-oportional to the travel of the ram head.

Test Specimens.

11. (a) Test specimens shall be one to two feet longer than the

span between supports in the testing machine.

(b) Test specimens shall be cut from the crop of the top rail of the

ingot, and marked on the center line of the top surface of the head with

gage marks on inch apart for three inches each side of the center of the

specimen, for measuring the ductility of the metal.

(c) Where it is necessary to test rails lower than the first rail, the

bottom of the first rail, in lieu of the top of the second rail, and the

bottom of the second rail, in lieu of the top of the third rail, will be ac-

cepted, if preferred by the manufacturer.

(d) The temperature of the test specimen shall be between 60 and

100 degree Fahrenheit.

(e) Unless otherwise instructed by purchaser, the test specimens

shall be tested with head in tension and with the center punch marks mid-

way between supports.

Height of Drop.

12. The test piece shall be subjected to impact of the tup falling free

from the following heights:

For 70 to 79 lb. rail, incl 16 feet.

iFor 80 to 90 lb. rail, incl 17 feet.

For 91 to 110 lb. rail, incl 18 feet.

For 111 to 140 lb. rail, incl 20 feet.

Elongation.

13. Under these impacts the rail under one or more blows shall show

at least 8 per cent, elongation for one inch of the six inch scale, marked

as described in Section 11 (b).

Exhausted Ductility Test.

14. A sufficient number of blows shall be given to determine the
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complete elongation of the test piece of at least every fifth heat of Besse-

mer steel, and of one out of every three test piecs of a heat of open-

hearth steel.

Permanent Set.

15. For each specimen, a record shall be made of the permanent set

after each blow, under the drop test.

Test to Destruction.

16. The test pieces which do not break under the first or subsequent

blows shall be nicked and broken, to determine whether the interior metal

is sound: The words "inteiior defect", used below, shall be interpreted to

mean seams, laminations, cavities or interposed foreign matter made vis-

ible by the destruction tests, the saws or the drills.

Bessemer Process Physical Tests.

17. One piece shall be tested from each heat of Bessemer steel.

(a) If the test piece shows the required elongation (Section

13), all of the rails of the heat shall be accepted, provided that

the test piece when broken does not show interior defect.

(b) If the test piece does not show the required elongation

(Section 13), or if when broken shows interior defect, all of the

top rails from that heat shall be rejected.

(c) A second test shall then be made of a test piece selected

by the inspector from the top end of any second rail of the same

heat, preferabl}- of the same ingot. If the test piece shows the

required elongation (Section 13), all of the remainder of the

rails of the heat shall be accepted, provided that the test piece

when broken does not show interior defect,

(d) If the test piece does not show the required elongation

(Section 13), or if when broken shows interior defect, all of the

second rails from that heat shall be rejected.

(e) A third test shall then be made of a test piece selected

by the inspector from the top end of any third rail of the same

heat, preferably of the same ingot. If the test piece shows the

required elongation (Section 13), all of the remainder of the rails

of the h-"?t shall be accepted, provided that the test piece when
broken does not show interior defect.

(f) If the test piece does not show the required elongation

(Section 13), or if when broken shows interior defect, all of the

remainder of the rails from that heat shall be rejected.

Open-Hearth Process Physical Tests.

18. Test pieces shall be selected from the second, middle and last

full ingot of each open-hearth heat.

(a) If all of these test pieces show the required elongation

(Section 13), all of the rails of the heat shall be accepted, pro-

vided that no test piece, when broken, shows interior defect.

(b) If any test piece does not show the required elongation
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(Section 13), or, if when broken shows interior defect, all ci the

top rails from that heat shall be rejected.

(c) Second tests shall then be made from three test pieces

selected by the inspector from the top end of any second rails of

the same heat, preferably of the same ingots. If all these test

pieces show the required elongation (Section 13), all of the re-

mainder of the rails of the heat shall be accepted, provided that

no test piece, when broken, shows interior defect.

(d) If any test piece does not show the required elongation

(Section 13) or, if when broken, shows interior defect, all of the

second rails of the heat shall be fejected.

(e) Third tests shall then be made from three test pieces se-

lected by the inspector from the top end of any third rails of

the same heat, preferably of the same ingots. If all these test

pieces show the required elongation (Section 13), all of the re-

mainder of the rails of the heat shall be accepted, provided that

no test piece, when broken, shall show interior defect.

(f) If any test piece does not show the required elongation

(Section 13), or, if when bioken shows interior defect, all of the

remainder of the rails from that heat shall be rejected.

No. 1 Rails.

19. "No. 1 Rails" shall be free from injurious defects and flaws of

all kinds.

No. 2 Rails.

20. Rails which vary from the specification in a manner which does

not impair their soundness and strength will be accepted as "No. 2 Rails."

The rails to be so accepted are as follows

:

(a) Rails arriving at the straightening presses with sharp

kinks or greater camber than that indicated by a middle ordinate

of 4 inches in 33 feet for the thick base sections, and 5 Inches

for the thin base sections.

(b) Rails which do not contain surface imperfections in such

number or of such character as will, in the judgment of the in-

spector, render them unfit for recognized No. 2 uses.

Rails accepted as No. 2 rails shall have the ends painted white, and

shall have two prick punch marks on the side of the web near the heat

number, near the end of the rail, so placed as not to be covered by the

joint bars.

No. 2 Rails to the extent of 5 per cent, of the whole order will be

accepted.

Details of Manufacture.

Quality of Manufacture.

21. The entire process of manufacture shall be in accordance with

the best current state of the art.
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Bled Ingots.

22. Bled ingots, from the center of which the liquid steel has been

permitted to escape, shall not be used.

Discard.

23. There shall be sheared from the end of the bloom, formed from

the top of the ingot, sufficient metal to secure sound rails.

Lengths.
24. The standard length of rails shall be 33 geet, at a temperature

of 60 degrees Fahrenheit. Ten per cent, of the entire order will be ac-

cepted in shorter lengths varying by 1 foot from 32 to 25 feet. A varia-

tion of J4 inch from the specified lengths will be allowed. No. 1 rails

less than 33 feet shall be painted green on both ends.

Deoxidation.

25. The steel must be well deoxidized and the waste products elimi-

nated before the ingots are teemed, and thus prevent minute portions of

the deoxidation products from becoming entrained in the setting metal.

Time is required for the deoxidation products and impurities to rise aftei

the steel is tapped into the ladle.

Stool Cutting.

26. Care s.hall be taken in teeming the ingots to prevent cutting out

of the cast iron of the stools of ingot molds by the falling stream of hot

metal from the ladle, and thus avoid a frequent cause of carbon streaks

found in the finished rail.

Mold Spattering.

27. Spattering the interior sides of the molds in pricking the heats

or melts and teeming the ingots must be avoided as much as possible.

Stopper Defects.

28. Excessive use of material thrown into the teeming ladle to set

the stopper' must be avoided.

Aluminum.

29. The steel must be made to set quiet by the chemical composition

in the molds without the addition of aluminum, either in the lad-ie or

molds.

Time for Ingot Setting.

30. Time'must be allowed for the tops of the ingots to set without

spraying with water.

Ingots Vertical.

31. Ingots shall be kept in a vertical position on the ingot cars and
in the reheating furnaces until their heat is equalized read)' to be rolled.

Ingot Shrinkage.

32. The ingots should be stripped as soon as the metal caps over on

top ; sent to the scales to be weighed and then sent to the reheating fur-

nace to be charged promptly. This avoids cooling of the interior metal

and thus checks the shrinkage, which may be large, depending upon the
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volume, chemical composition and temperature of ingot at time it is

charged. The interior shrinkage can be confined to 0.05 and 0.1 per

cent, per cubic foot of the metal, so that it is eliminated in the usual

discard of the bloom, and helps to prevent piped rail due to cold ingots.

Reheating the Blooms.

33. The mill practice of blooming the ingots and then charging the

blooms into reheating fui'naces for a wash heat before rolling the rails

has checked the development of internal transverse fissures. They are

decidedly more numerous in the product of mills that roll the rails direct

from the ingots.

One mill since original construction and operation has built furnaces

to reheat the blooms, and another mill has airanged to build a furnace

to reheat the blooms after direct rolling for many years. There are six

mills in the United States and Canada that reheat the blooms, and eight

that roll direct.

(This paragraph is inserted as information derived from the statistics

of rail failures.)

Blooming and Rolling.

34. Blooming the ingots and rolling the blooms into finished rails

must all be done when the ranges of temperature for the ingots, blooms

and rails are suitable for the metal to be cambered and then cooled so

that the transformations and recalescence will be complete for the desired

steel.

Rail Shrinkage.

35. The number of passes and speed of train shall be so regulated

that on leaving the rolls at the final pass, the tempeiature of the rail will

not exceed that which requires a shrinkage allowance at the hot saws, for

a rail 33 feet in length and of 100 lb. section, of six and three-fourths

inches and one-eighth inch less for each ten lbs. decrease in section or

ys inch more for each ten pounds increase in section.

Artificial Cooling.

36. The bars shall not be held for the purpose of reducing their

temperature, nor shall any artificial means of cooling them be used after

they leave the finishing pass.

Section.

37. The section of rails shall conform as accurately as possible to

the template furnished by the Railroad Company. A variation in height

of one-sixty-fourth inch less or one-thirty-second inch greater than the

specified height and one-sixteenth inch in width of flange, will be per-

mitted; but no variation shall be allowed in the dimensions affecting the

fit of the joint bars.

Weight.

38. The weight of the rails specified in the order shall be maintained

as nearly as possible, after complying with the preceding section. A vari-
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ation of one-half of 1 per cent, from the calculated weight of section, as

applied to an entire order, will be allowed.

Hot Bed Work and Straightening.

39. (a) Care must be taken in cambering the rails and with the

hot-bed work so that rails will cool with a small but uniform sweep, and

therefore gagging under the presses will be reduced to a minimum.

(b) The hot rails from the saws on their way to the "hot-beds"

should be spaced to allow the recalescence of the head to follow the base

without being locked or blocked by adjacent rails on either side.

(c) Rails while on the cooling beds shall be protected from snow,

water and excessive gusts of cold wind.

(d) When delivered to the straightening presses rails shall not vary

in any direction from a straight line throughout their entire length moie
than 4 inches for the "RE" and "RA" thick base sections, and not more
than 5 inches for "ASCE" sections.

(e) The supports for rails in the straightening presses shall have

flat surfaces and be out of wind, and shall be spaced not less than 42

inches. The application of the gag shall be central between supports, and

the overhang of either end of the rail during straightening should be sup-

ported.

(f) Rails heard to snap while being straightened shall be at once

rejected.

Drilling.

40. Circular holes for joint bolts shall be drilled to conform to the

drawing and dimensions furnished by the Railroad Company.

Finishing.

41. (a) All rails shall be smooth on the heads, straight in line and

surface, and without any twists, waves or kinks. They shall be sawed
square at the ends, a variation of not more than one-thirty-second inch

being allowed; and burrs shall be carefully removed.

(b) Rails improperly drilled or straightened, oi' from which the

burrs have not been removed, shall be rejected, but may be accepted after

being properly finished.

(c) When any finished rail shows interior defects at either end or

in any drilled hole, the entire rail shall be rejected.

Branding.

42. Rails shall be branded for 'indentification in the following man-
ner:

(a) The name of the manufacturer, the month and year of

manufacture, and the weight and type of section of rail shall be

rolled in raised letters and figures on one side of the web. The
type shall be marked by letters which signify the name by which
it is known, as for example:
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Sections of American Society of Civil Engineers A.S.C.E.

Sections of American Railway Association R.A. -A., R.A.-B.

Sections of American Railway Engineering Association R.E.

(b) The heat and ingot number and letter indicating the por-

tion of the ingot from which the rail was made shall be plainly

stamped on the web of each rail where it will not be covered

by the joint bars. The top rails shall be lettered "A" and the

succeeding ones "B", "C", "D", etc., consecutively; but in case of

a top discard of from 20 to 35 per cent., the lettei' "A" will be

omitted, the top rail becoming "B." If the top discard be greater

than 35 per cent., the letter "B" shall be omitted, the top rail

becoming "C".

(c) Open-hearth rails shall be branded or stamped "0-H" in

addition to other marks.

(d) Bessemer rails shall be branded or stamped "BES", in

addition to the other marks.

(e) All markings of rails shall be done so effectively that the

marks may be read as long as the rails are in service.

Separate Classes.

43. All classes of rails shall be kept separate from each other.

Loading.

44. Rails shall be carefully handled and loaded in such manner a^

not to injure them.

Payment.

45. Rails accepted will be paid for according to actual weight.
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PROPOSED STANDARD TEST FOR RAIL JOINTS.

In order that comparison of results of different types of joint bars

may be made, the uniform method of procedure for laboratory test shall

be as follows

:

General Assembly.

Complete rail joints, full bolted, shall be used. Before joints are

bolted the loose scale shall be removed from the contact surfaces of rails

and joint bars so that there may be clean, dry surfaces for surface con-

tact. Rail joints shall be then subjected to tests that will show the

strength and deflection of the joint under transverse load with head up

and also with head down.

The results are to be compared with a test of a continuous rail of

the same span for determination of rail joint efficiency and rigidity.

The joints are to be bolted with heat treated bolts, or if other bolts

are used, the quality and kind of bolt shall be stated.

The rail used for test of joints shall be cut from the same piece of

rail as rail for continuous span. Rails used for test pieces shall be

preferably from the same rail or at least from the same heat of rails.

New rails and joint bars shall be used for test.

Quality of Material.

Material for both rail and joint bars shall be subjected to standard

tension tests, to hardness tests, to chemical analyses and, if heat treated

material, to microscopic examination.

Measurements to be recorded for joint bars of the area sketch of

section, moment of inertia, length, weight, location of bolt holes, camber

if any.

Measurements of rail section include area sketch of section, moment

of inertia, weight per yard, location and size of bolt holes.

Joints are to be bolted up so that there shall be a space of }i of an

inch between the ends of the adjoining rails. Bolts are to be applied so

that they shall not be in contact with the sides of the bolt holes through

the rails. If necessary ends of rails to be faced off to give required

spacing and bolt clearance.

The supports shall be solid, flat bearing surfaces with vertical faces

48 inches apart, with the inner edges rounded off to 5^ of an inch radius.

The load to be applied midway between the supports by a block, having

a radius of 165^ inches, and a width not less than the width of the base

of the rail.

Loading.

An initial load of 3,000 pounds shall be made at which load the

deflcctometcr shall be set at zero. Uniform increments of load of sn<h

magnitude shall then he applied to accuratel_\- define tlic clastic limit.

40?,
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Maximum deflection and set to be determined for each increment of

loading. Deflections and permanent sets to be measured to one-thou-

sandths of an inch. Loading to continue until adjacent rail ends meet.

Note is to be made of readings of the load at which the joint bars or

rails commence to scale.

Number of Tests.

Three concordant tests shall be made, and results shall be recorded

in detail. Abnormal tests to be discarded.

Efficiency.

The efficiency of a rail joint is expressed as the ratio of the elastic

limit in pounds of the rail joint divided by the elastic limit of the con-

tinuous rail ; this efficiency to be given first with head up, second with

head down, using data to correspond to conditions imposed. Rail joint

efficiencies shall be expressed in per cent.
^

Rigidity.

The rigidit}' of a joint is a comparison of the deflections of the rail

and the joint under the load that develops the elastic limit of the joint.

It is the ratio expressed in per cent., of the deflection of the rail to the

deflection of the joint at this loading; that is, the deflection of the rail

divided by the deflection of the joint at the elastic limit of the joint.

The rigidity shall be expressed for the two conditions of test, with

head up and with head down.



TRANSVERSE

Appendix C.

FISSURE RAILS ON PENNSYLVANIA
LINES—HEAT 31531

By M. H. Wickhorst, Engineer of Tests, Rail Committee.

This report gives the resuUs of tests of a heat of rails in which five

rails failed, due to transverse fissures and which was then removed

from service. The rails were on the P. F. \V. & C. Branch of the Penn-

sylvania Lines West of Pittsburgh. Through the kindness of the officials

of the Pennsylvania System, the rails were sent to the Altoona Labora-

tory and investigated as described below. There were 61 rails in this

investigation, which were numbered from 1 to 61 inclusive and were

located in the track as shown in Table 1, which also gives per cents of

grade.

Table 1

—

Locations and Grades.

Numbers
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Table 2

—

Results of Drop Tests.

Rail
Letter
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The rails were laid from December, 1912, to March, 1913, anJ

removed during March to May, 1917. They were most of them in service

a little over four years, and in that time the rail maintained the shape

of its section well with but little wear. A section six ft. long was cut

from the middle of each rail by means of an oxygen-acetylene torch and

this part used for chemical analyses, tensile tests, etchings and quick

bend tests in the hydraulic bender. The remaining two pieces of each

rail were subjected to drop tests to disclose any fissures in them.

Drop Tests.

The long pieces of rail were subjected to a drop test every 18 inches

throughout their lengths on supports 36 inches apart, using a 1640 lb. tup

from a height of six ft., the rails being supported head down. The results

of these tests are given in Table 2, which shows for each rail the total

number of breaks and the number of breaks with fissures, grouped

by rail letter or ingot position of the rail and the groups sorted by the

per cent of grade of the track on which the rails were laid. For con-

venience the group results are copied in Table 3.

Table 3

—

Summary of Drop Tests.

Ingot Position
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Fig. 1

—

Fissures Found in Drop Test in P. and C Rati s.
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Pin 2—Fissures Found in Drop Tests in C, D, E and F Rates
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Fig. 3

—

Fissures Found in Drop Test in. F Rails.
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^^tS^2ii

Fig. a—Fissures Found in Drop Test in F Rails.
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vertical splits. In most of the plain breaks which showed no fissures or

splits, the fracture lines radiated from a point in the interior of the head,

showing the break to have started at the inside, and a few representative

illustrations of these breaks are shown in Fig 6.

Fig. 5

—

Fractures with Vertical Splits.

MG. 6

—

Representative Plain Breaks Without Fissures, Showinc
Interior Origin of Breaks by Fracture Lines Radiating

FROM Interior.

In the case of each fracture a measurement was made of the loca-

tion of the center of radiation of the fracture lines, or the start of the

break; that is, the distance was measured of the real or apparent nucleus

from the top of the head and from the gage side. The results of these

.measurements are shown in two composite diagrams, Figs. 7 and 8. The

former shows the centers of radiation of 345 breaks without fissures and

the other shows the centers of the nuclei of 79 fissures. It will he noted
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that the nuclei of the fissures were mostly on the gage side and some-

what above the center of the head of the rail, averaging about 5^ in. from

the top of the head and about 9/32 in. from the center line. The origins

of the plain breaks were close to the center of the head, averaging about

% in. from the top of the head and about ^ in. from the center line

toward the gage side. When a rail is bent with the head down, all parts

Gauge Sida.' _

Fig. 7-

Nimber of Breaks - 345.

-Centers of Radiation of Plain Breaks without Fissures.

of the head are put in tension and the greatest stretch occurs at the top

of the head with successively less stretch as we go to the web. The
breakage in these cases was determined by the ductility of the interior

metal, the elongation of which, with the height of drop used, would be

estimated to have been less than one per cent.
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Chemical Analysis.

Two samples were taken for analysis from near the middle of each

rail, one from the O position (outside), near an upper corner of the

head, and the other from the M position (middle), from the interior

of the head near the web, as shown in Fig. 9. On each sample detcrmina-

Gauge side

Ninober of .transverse fissurea, 79.

Fig. 8

—

Center of Nuclei of Fissures.

tions were made of the carbon, manganese, phosphorus, silicon and sulphur
and the results are given in Table 4, grouped by ingot positions of the

rails and the presence or absence of fissures as disclosed by the drop
or quick bend tests.
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Table 4

—

Analyses of Ralls.

Fissures
Vound
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The average composition of the steel as poured from the ladle would

be fairly well represented by the average of all the results from the O
position and these are given below in comparison with the ladle analysis

as taken from the inspection record.

C Mn P Si S

Ladle analysis 72 .74 .022 .12 .032

Rails 876 .75 .027 .102 .034

It will be noted the results are in "fair agreement except as to car-

bon, which was much higher in the rails than shown by the inspection

record.

For convenience of comparison the average carbon results for the

several groups are collected together in Table 5.

Table S—Average. Carbon Results.
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Taulu 6- -ThNsiLii Tesis.

fissures
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verse fissure rails of this heat would have passed any chemical require-

ments in rail specifications, limiting the amount of allowable segrega-

tion of carbon.

Tensile Tests.

Two specimens were cut for tensile tests from near the middle oi

each rail, one from the O position near an upper corner of the head

and one from the M position from the interior of the head near the

web. The specimens were one-half inch in diameter with a gage length

of two inches. The yield point was determined by means -of a Berry

strain gage. The results of the tests are given in Table 6, grouped by

ingot positions of the rails and the presence or absence of fissures as

disclosed by the drop or quick bend tests. In the table, the yield point

and tensile strength are expressed in pounds per square inch, the elonga-

tion is the per cent, of stretch in two inches and the reduction of area

is the per cent, reduction of the original cross-section.

A study of the results shows that in the O position or outer part

of the section, the metal in most cases had about normal tensile prop-

erties for .87 per cent, carbon steel and that the rails with fissures were

about the same as those in which fissures were not found. In the M posi-

tion or interior of the head, however, the metal showed about the same
yield point as the outer metal, but was low in ductility and tensile strength.

In most cases the interior metal showed very low elongation and reduc-

tion of area, and especially so in the rails with fissures. For convenience

of comparison the average elongation results are collected together in

Table 7.

Table 7

—

Average Elongations.
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Table 8

—

Quick Bend Tests.

Pi 3 sure a
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rail is plotted vertically. It will be noted that with one exception, tht

rails with fissures showed two per cent, or less, interior elongation; in

other words, fissures were not found in rails that showed three per

cent, or more elongation of the interior metal of the head, with the

7

to 6
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which gives the elastic limit in bending between three-foot supports ex-

pressed in lbs., the breaking load in lbs., the deflection at breaking in

inches, and the per cent, of elongation of the inch space which stretched

most, that is, the "biggest" inch. The results are divided into two groups.,

head in tension and base in tension, and each of these again divided

into two groups, the rails in which fissures were found in the drop or

quick bend tests, and those in which fissures were not found.

A study of these results proves interesting and instructive, and for

convenient comparison the group averages are collected together in

Table 9.

Table 9

—

Average Results in Quick Bend Tests.
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structure at any point along the transverse fissure from that found along

the edge of the break produced in the drop test.

SUMMARY.

1. Tests were made of a heat of 100-lb. rails in which five rails

had failed in track showing transverse fissures. Sixty-one rails were

gathered in, sent to the Altoona Laboratory of the Pennsylvania Rail-

road and subjected to drop, chemical, tensile, quick bend, etching and

microscopic tests.

2. A section six ft. long was cut from the middle of each rail

by means of an oxygen-acetylene torch and used for the several tests.

The remaining two long pieces were subjected to drop tests to disclose

any fissures in them.

3. The rails were dropped on every 18 inches throughout their

length on supports 36 inches apart, head down, using a tup of 1640 lbs.

from a height of six ft. In this test, 69 fissures were found distributed

among 20 rails, mostly B, C and F rails, with only a few fissures in the

D and E rails. There were no A rails, as they had been rejected in

the original inspection.

4. In addition to the breaks showing fissures, there were 333 breaks

without fissures. In most of these plain breaks, the fracture lines

radiated from a point in the interior of the head, showing the break to

have started at the inside, averaging about ^ inch from the top of the

head and about }i inch from the center line toward the gage side. The

centers of the nuclei of the fissures averaged ^ inch from the top of

the head and about 9/32 inch from the center line toward the gage side.

5. Two samples were taken for analysis from near the middle of

each rail, one from the O position near an upper corner of the head,

and the other from the M position in the interior of the head near the

web. The average composition of the steel in the rails was as follows

:

carbon, .876 per cent. ; manganese, .75 per cent.
;
phosphorus, .027 per cent.

;

silicon, .102 per cent; sulphur, .034 per cent.

6. The rails with fissures were in a general way chemically the

same as those without fissures, but showed a tendency to be a little

lower in carbon in the interior of the head. The rails with fissures as a

general average, showed 3.5 per cent, negative segregation of carbon in

the M position and the rails without fissures showed 0.5 per cent, posi-

tive segregation, as compared with the O position.

7. Two specimens were cut for tensile tests from near the middle

of each rail, one from the O position and the other from the M position.

The metal in the O position or outer part of the section had about normal

tensile properties for .87 per cent, carbon steel and the rails in which

fissures were found were about the same as those in which fissures were

not found. The metal from the interior of the head was low in duc-

tility and particularly so in the rails in which fissures had been found.
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8. The interior metal of the head in rails that showed fissures dis-

played two per cent, or less elongation, except in one case where the

elongation was three per cent.

9. A quick bend test was made of a sample from the middle of each

rail, in the Pennsylvania Railroad hydraulic bending machine, part of the

rails with the head in tension and part with the base in tension. When
tested with the base in tension, most of the rails showed good strength

and ductility, including some that showed fissures in the head after

breaking, which indicates that the testing of a rail with the base in ten-

sion does not disclose a flaw or defective condition in the interior of the

head. With the head in tension, however, the most of the rails showed

low strength and low elongation, which indicates that a rail should be

tested in this manner.

10. Microscopic examination indicated that the core of a fissure was

structurally about the same as the surrounding metal.

11. In conclusion, the results of this investigation may be summar-

ized as follows : The carbon in the rails averaged .87 per cent., which is

higher than usual for 100-lb. rails, but the elements were fairly evenly

distributed throughout the section and there was, in general, freedom

from "segregation." The several mechanical tests showed about normal

physical properties in the rail metal, except in the interior of the head

where the metal was very low in ductility. The tests also showed that

to detect this condition, the rails should be tested with the head in ten-

sion; that is, the rails should be bent with the head resting on the

supports.
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INTERIOR FISSURE RAILS ON THE BALTIMORE &
OHIO RAILROAD—HEAT 5X157.

By M. H. WicKHORST, Engineer of Tests, Rail Committee.

This report gives the resuUs of an examination of a heat of rails

on the Baltimore & Ohio Railroad, which was removed from service on

account of four rails breaking and showing interior fissures. Through
the kindness of the officials of the Railroad, the rails of this heat were

rounded up as far as possible and an investigation made of them by the

Test Department at Baltimore. The rails had been laid at several loca-

tions, as shown in Table 1.

« T.\BLE 1

—

Locations of Rails

Millioii

East or Tons
Location. West Bound. Over Rail. Grade.

Catoctin

Section 34

Metropolitan

Branch

Section 37

Metropolitan

Branch

Section 39

Metropohtan

Branch

Section 39

Metropohtan

Branch

.E. B.

.E. B.

..E. B.

.E. B.

.W.B.

16.0

3.25

3.25

3.3

3.3

—0.28%

Nature of Traffic.

Heavy freight predominates.

-1.1% Passenger predominates

-1.07%

+ 1.1%

-1.1%

do

Mt. Winans....E. B.

Gay Street E. B.

Gay Street... W. B.

7.0 —0.794%

8.8 —0.633%

6.8 -fO.633%

do

Mixed pass, and freight

do

do

The rails were of the lOO-lb. A. R. A. type B section, made in Sep-

tember, 1916, at the Sparrows Point Works of the Bethlehem Steel Com-
pany. The heat number was 5X157, made by the duplex process, and
consisted of 21 ingots, 21x23 inches at the bottom end, five rails per

ingot, thus making 105 rails. In the inspection of the rails, they were

subjected to a drop test from a height of 18 ft. with a tup weighing 2,000

lbs., with the results shown in table 2.

Report No. 72, June, 1918.
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Table 2

—

Original Drop Tests.

Ingot Number
2 11 22

First Test—A Rails.

Part in tension Base Head Base

Number of blows Ill
Effect Broken Broken Broken

Retest—B Rails.

Part in tension Head Base Head
Number of blows 2 2 2

Effect O.K. O.K. O.K.
Nicked and broken O.K. Piped O. K.

Set first blow 1.0 in. 1.0 in. 1.0 in.

Retest—C Rails.

Part in tension Base Head Base

Number of blows 2 2 2

Effect O.K. O.K. O.K.
Nicked and broken O. K. O. K. O. K.

Set first blow 1.0 in. 1.1 in. 1.1 in.

It will be noted that the three pieces first tested broke on the first

blow, and the 21 A rails were therefore rejected. When the B rails were

retested, they stood the drop test, but one of the test pieces, when nicked

and broken, showed a "pipe" and the 21 B rails were accepted as "spe-

cials." The retest of the C rails stood all tests and the other 63 rails of

the heat, consisting of C, D and E rails, were accepted as first class rails.

Of the 63 rails, 50 were rounded up and delivered to the Test Department

at Baltimore, where an investigation was made consisting of examinations

for fissures, chemical analyses, tensile tests, polishing of sections, sulphur

prints and microscopic examinations. A piece fifteen inches long was cut

from the middle of each rail with an oxygen-acetylene torch, for the

several laboratory tests, and the two long pieces were then examined for

the presence of fissures by bending at short intervals along their length

in the drop machine.

DROP TESTS.

Each half of the rail was given 10 blows of a 2,000-lb. tup from a

height of 8 feet, the rail being placed on supports three feet apart and

being passed along after each blow. The first blow was struck about 22

inches from the end and each succeeding blow about 16 inches from the

other, in all cases the head being down so as to put this part in tension

and show up any fissures that might be in the head of the rail. The

results of these tests are given in table 3, which shows the rails that broke

under the drop, the number of breaks that disclosed fissures and the

number that did not disclose fissures, grouped by location of the rails in

track and sub-grouped by ingot position of the rail. The breaks with-

out fissures were largely ones which the fracture lines showed to have
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Table 3

—

Results of Drop Tests.

Location
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started at the top surface of the head. These also showed hardened

metal at the surface, due evidently to driver slippage. A few other

breaks showed seams in the base where struck by the tup and a few
showed splits or "pipes" in the head, but for the purposes of this inves-

Table 4—Summary of Drop Tests.

Rail
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Fig. 1

—

Fractures Showing Fissures in C Rails.
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Pig 2—Fractures Showing Fissures in C Rails.
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Fig. 3—Fractures Showing Fissures in C anp D Rails.
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p,G. 4_Fractuues Showing Fissures in D Rails.
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Fig. 5—Fractures Showing Fissurks in D and F Rails.
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p,G. 6—Fractures Showing Fissures in E Rails.
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FRACTURES.
A photograph was made of each of the fractures that showed a fis-

sure and these are reproduced in figs. 1 to 6, inclusive. Fifty-six such

fractures are shown distributed among sixteen rails arranged according to

ingot position of the rail and by rail number. On each illustration of a

fracture is shown the rail letter, the location of the rail in the track and

a number, the first part of which is the rail number and the second part

of which is the number of the blow from the end of the rail, on which

the fracture occurred.

An examination of the illustrations shows that the fissures were

mostly of the compound type ; that is, they consisted of longitudinal hori-

zontal fissures with transverse branches issuing from them. There were

also some "split heads;" that is, longitudinal fissures or splits in the in-

terior of the head, vertical or obliquely vertical. There were very few, if

any, simple transverse fissures, consisting of a core or nucleus with the

fissure issuing transversely from it. A good illustration of the type of

break represented in this lot is shown in Fig. 6, E rail number 7, break 4,

which gives a top view of the fracture, disclosing the horizontal break

Fig. 7

—

Positions of Samples for Analysis. Corner Is O Position

AND Interior Is M Position.

in the interior of the head. It will be noted the break issued from an in-

terior longitudinal streak or series of streaks. The microscopic exam-

ination shed considerable light on the nature of these streaks and will

be discussed later in this report.

CHEMICAL ANALYSES.
From near the middle of each rail two samples were taken for an-

alysis, one from an upper corner of the head called the O position (out-

side), and the other from the interior of the head near the web, called

the M position (middle), as shown in Fig. 7. Determinations were made
of carbon, sulphur, phosphorus and manganese on all the samples, and

in addition determinations were also made of chromium, nickel and sili-

con on the ten samples from rails 1 to 5, inclusive. The average com-

position of the steel in the rails as disclosed by these analyses is shown
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below in comparison with the results of the original heat analysis as

taken from the inspection report and it will be noted that the two sets

of results are in close agreement as to most of the elements.

Rail Analyses Heat Analysis

Carbon 65 .655

Sulphur 053 .052

Phosphorus 023 .027

Manganese 78 .78

Chromium 35 .31

Nickel 42 .49

Silicon 15 .146

The results of the analyses of the rails in which fissures were found

are given in Table 5 and the results on the rails in which fissures were

not found are given in Table 6. The average results in the two tables are

collected together in Table 7 for convenience of comparison. The re-

sults on chromium, nickel and silicon are given in Table 8. A study of

the results shows that the rails with fissures were chemically about the

same as those without fissures and that there was a fairly uniform dis-

tribution of the elements in most of the rails. Although rail specifications

do not contain a limit on sulphur, the sulphur in these rails was a little

above the amount usual in rail steel.

Table 5

—

Analyses of Rails With Fissures.

Rail
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Table 6

—

Analyses of Rails Without Fissures.

Rail
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Table 7

—

Average Results of Analyses.

Rail
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TENSILE TESTS.

From near the middle of eac'h rail two specimens were cut out for

tensile tests, one from an upper corner of the head, or O position, and

the other from the interior of the head near the web, or M position.

The specimens were one-half inch in diameter for a gage length of two

inches. The results of the tests of the rails with fissures are given in

Table 9

—

Tensile Tests of Rails with Fissures.
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Table 10—Tensile Tests of Rails Without iFissuRES.
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ward of the ingot. In the interior of the head there was considerable

decrease in strength and increase of ductility downward of the ingot.

In other words, the interior metal of the ingot becomes softer as we

proceed down the ingot.

TRANSVERSE TESTS OF HEAD.

Transverse tensile tests were made of the heads of the sections used

in making the sulphur prints and which remained after making the

microscopic tests. The test speciments were one-half inch diameter with

a gage length of one inch, prepared as shown in Fig. 8. The results of

the tests of the rails that showed fissures are given in Tabic 12 and of

T.ABLE 11

—

Average Results of Tensile Tests.

Rail
Letter

O Position

Yl. Pt. Tens. Str. Elong. Red

M Position

Yl. Pt Tens. Str. Elong. Red
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WIOTH OF RniL HZHD

Fig. 8

—

Specimen for Transverse Tensile Test of Head.
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mens. The streaks here seen were streaks in the interior of the head

running lengthwise of the rail.

^7

'99

Fig. 9—Fractures ok Transverse Tensile Test Specimens. ENLARCEn,

Two Diameters. Note Streaks, Which Were Longitupinal
OF Rail in the Interior of the Head.

Table 12—Transverse Tests of Head of Rails with Fissures.

-Rail
Letter
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Table 13

—

Transverse Tests of Head of Rails Without Fissures.

Rail
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SULPHUR PRINTS.

A sulphur print was made of a cross-section prepared from near the

middle of each rail. Examined this way, the rails showed a more or less

distinct structure which varied according to the ingot position of the

rail, as illustrated in Figs. 10 to 13, inclusive, which show a sample of the

structure of each rail of the ingot, namely, B, C, D and E. The A rail

is missing, as we had none. The B and C rails show a great many dark

spots, indicating points of sulphur concentration; in the head of the B
rail they occur largely as a band, while in the head of the C rail they

are more scattered. They also occur scattered in the D rail, but less

numerous. The E rail shows only a few such spots. The D and E rails

show lighter areas in the interior than in the outer parts of the sec-

tion, which represent regions of softer metal; that is, they show soft

centers with lower carbon, phosphorus and sulphur, which is a normal con-

dition in the lower rails of the ingot.

The sulphur prints of the heads only of the other 46 rails are repro-

duced in Figs. 14 to 18, inclusive, grouped by ingot positions of the rails

and arranged numerically within tlie group. The small figures in the

lower right hand corner of the section show tlic serial number
and the ingot position of the rail. Tt will be noted that sulphide spots,

displaying local segregations of sulphur, occur in most of the B, C and

D rails more or less extensively, while the E rails are mostly free from

them.
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Fjg. 10

—

Reproduction of Sulphur Print of Representative B Rail

Fig. II

—

Reproduction of Sulphur Print of Representative C Rail.
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I'"i(;. 12—Reproduction of Sulphur Print of Representative D Rail

Fig. 13

—

Rkprohuction of Sulphur Print of Representative E Rail
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Fig. 14—Reproductions of Sulphur Prints of Heads of B and C Rati.s.
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Fig. 15—Reproductions of Sulphur Prints of Heads of C and D Rails
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Fig. 16^Rkpuoi.uctions of Sulphur Prints of Heads of D Rails.
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Fig. 17—Repkoductions of Sulphur Prints of Heads of D and E Rails.
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Fig. 18

—

Rei'uoduction of Sulphuk Prints of E Rails.
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MICROSCOPIC TESTS.

For examination by means of the microscopic, samples were selected

from eig'ht rails as representative of the lot, two from each of the ingot

positions B, C, D and E. One each of the C, D and E rails was one in

which fissures were found, and the other was one in which fissures were

not found. As there were only a few B rails and no fissures were found

in them, the two B rails selected, of course, had shown no fissures. The
rails selected were as follows

:

B rails—Nos. 39 and 43.

C rails—No. 17 with fissure. No. 9 without fissure.

D rails—No. 2 with fissure, No. 22 without fissure.

E rails—No. 7 with fissure, No. 8 without fissure.

Through the kindness of Mr. A. Thompson, General Manager, the

organization and equipment of the Titanium Alloy Manufacturing Com-

Fig. 19

—

Diagram of Locations of Samples for Microscopic Examination.

pany, Niagara Falls, N. Y., were made available for this microscopic

work, and the writer wishes also to acknowledge the advice given by

Mr. Geo. F. Comstock, Metallographist, and his care and skill in doing

the metallographic work, which was done at the laboratory of the Titan-

ium Alloy Manufacturing Company at Niagara Falls.

The metal in the rail head was examined both transversely and longi-

tudinally, the samples being cut out as shown in Fig. 19. As indicated,

a transverse section one-half inch wide was cut from the top to the bot-

tom of the head adjacent to the center line, and, for convenience in polish-

ing, this was cut into two parts. Next to this a similar but longitudinal

section was cut and the surface examined was the plane cutting the
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vertical center line of the transverse section. The longitudinal section was

also cut into two parts for convenience of polishing. The surfaces were

examined as polished and also after etching with picric acid to determine

the grain structure. They were then repolished and etched with Stead's

cupric chloride reagent to note the phosphorus distribution.

The method of polishing consisted of first grinding the specimens on

the flat side of a fine grained cup wheel and then dry grinding on disks

covered successively with No. 1, No. and No. 00 emery paper. The
polishing was then continued with alundum powder No. 65 F suspended

in water on a disk covered with duck and finally finished with rouge sus-

pended in water on a disk covered with broadcloth. Stead's reagent was

made as described by Stead in a paper on "Iron, Carbon and Phosphorus"

before the British Iron and Steel Institute in 1915 and consisted of the

following:

Cupric chloride 2.5 grams

Magnesium chloride 10.0 grams
Hydrochloric acid 5.0 c.c.

Alcohol to make 250.0 c.c.

The first three materials are made into a solution with a small quantity

of water and then diluted with alcohol.

Each sample was examined and some photographs were made repre-

sentative of the conditions found. Examination of the plain surfaces,

skillfully polished, showed the nature of the inclusions in the steel and it

was found that these consisted of sulphides, slag and alumina. The sul-

phides consisted mostly of manganese sulphide and these inclusions were

found more or less abundantly in all the specimens examined. The
most of them were small, but some of the inclusions were larger in diame-

ter and drawn out into threads. These were apt to occur in groups, form-

ing "streaks" in the steel, which would show as a large, dark soft spot

on a sulphur print. The appearance in longitudinal section, of some of

the larger manganese sulphide inclusions found, are illustrated in Fig.

20, showing B rail number 39 at the lower part of the head; Fig. 21,

showing C rail number 9 at 15/16 inch below the top of the head, and

Fig. 22, showing D rail number 22 at 13/16 inch below the top of the head,

all unetched and magnified 200 diameters.

Slag or silicate inclusions have much the same appearance, but are

apt to be larger in diameter. They ai^e distinguished from manganese
sulphide by their dark color in the unetched polished surface, while the

sulphides are light in color. A large slag streak found in E rail number
8 at 11/16 inch below the top of the head is shown in Fig. 23. A surface

showing both sulphide and slag inclusions is illustrated in Fig. 24, which

shows B rail number 43 at ^ inch below the top of the head.

Alumina occurs as angular unfused particles and in Fig. 25 a longi-

tudinal streak of alumina particles is shown that were found in the

lower part of the head of B rail number 39. The alumina occurred mostly
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39 -e~ /oca)

Fig 20-Polished Surface of Longitudinal Section of Interior of

Head of B Rail Number 39, Magnified 200 Diameters,

Showing Manganese Sulphide Inclusions.

-#«»*-
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^
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Fig 21-Pohshed Surface of Longitudinal Section of Interior of

He^d of C Rail Number 9, Magnified 200 Diameters,

Showing Manganese Sulphide Inclusions.
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Fig. 22

—

Polished Surface of Longitudinal Section of Interior

Head of D Rail Number 22, Magnified 200 Diameters, Show-
ing Manganese Sulphide Inclusions.

Fig. 23

—

Polished Surface of Longitudinal Section of Interior
Head of E Rail Number 8, Magnified 200 Diameters,

Showing Slag Inclusions.
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Fig. 24

—

Polished Surface of Longitudinal Section of Interior of

Head of B Rail Number 43, Magnified 200 Diameters, Show-
ing Sulphide and Slag Inclusions.

K

39 ~/3~ /e'<t»

Fig. 25

—

Polished Surface of Longitudinal Section of Interior of Head
of B Rail Number 39, Magnified 200 Diameters, Show-

ing Alumina Inclusions.



518 Rail

«
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^3-B~ ^/e

Fig. 26

—

Polished Surface of Cross Section of Interior of Head of R
Rail Numher 43, Magnified 200 Diameters, Showing

Sulphide and Slag Inclusions.

4k

h

?-£ - ^/e

Fig. 27

—

Polished Surface of Cross Section of Interior of Head of E
Rail Numder 7, Magnified 200 Diameters, Showing

Alumina Inclusions.
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Fig. 28

—

Etched Cross Section of Interior of Head of C Rail Number
9. Magnified 100 Diameters, Showing Eutectoid Strucjure.

Fig. 29

—

Etched Cross 'Section of Interior of Head of E Rail Nump.er
7, Magnified 190 Diameters, Showing a Little F"errite Network.
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Fig. 30

—

Longitudinal Section of Interior of Head of C Rail Numhek
9, Etched with Copper Chloride, Magnified 20 Diameters.

'
. ' >.

7 £Cen

Fig. 31

—

Cross Section of Interior of Head of E Rail Number 7,

Etched with Copper Chloride, Magnified 20 Diameters.



I n t e r i o r F i s s u 1- e R a i 1 s o n t h c B & O . R R . 521

as separate particles even in longitudinal sections, but in this case they

occurred as a longitudinal series or streak.

The appearance of the sulphide enclosures in transverse section is

illustrated in Fig. 26, showing the unetched polished surface of B rail

number 43 at ^ inch below the top of the head. The numerous light

spots show the manganese sulphide and the few dark spots show the slag

or silicate in cross section. Alumina enclosures in cross section are illus-

trated in Fig. 27, showing E rail number 7 at 5^ inch below the top of

the head. It is interesting to note the larger angular enclosures which

show the light colored crystals of alumina partly eroded away in the pol-

ishing so as to make them stand as islands in their cavities. The small

light spots of manganese sulphide are also numerous.

Representative illustrations of the grain structure of the steel in th,e

interior of the head as brought out by picric acid etching, are given in

Fig. 28, showing C rail number 9 at ^4 inch below the top of the head

and Fig. 29, showing E rail number 7 also at ^ inch below the top of

the head. These show transverse sections magnified 100 diameters. The

former shows a eutectoid structure, and the latter, where the carbon is

lower, shows a little ferrite network.

An illustration of a longitudinal section etched with copper chloride

is given in Fig. 30 of C rail number 9 near the center of the head, mag-

nified 20 diameters. A similar illustration of a transverse section is given

in Fig. 31 of E rail number 7, also near the center of the head. The

higher the phosphorus the more resistant it is to etching by this reagent,

and therefore the lighter colored parts in the illustrations indicate the

presence of higher phosphorus. The longitudinal banding indicates an

uneven absorption of the phosphorus, but as very little work has been

done with this reagent on rails, we are unable to say to what extent this

condition is normal in rails.

To sum up the results of the microscopic tests, it may be said that

the interior of the head contained numerous non-metallic inclusions con-

sisting of sulphides, slag and alumina. While sulphide inclusions occur

to some extent in all steel containing sulphur, the slag and alumina and

excessive sulphide inclusions are indicative of defective metallurgical prac-

tice. In the interior of the head, the non-metallic inclusions in some cases

were found to be so abundant as to render the steel "crumby" and some-

what akin to wrought iroii with its slag streaks.

SUMMARY.

1. Tests were made of a heat of rails on the Baltimore & Ohio Rail-

road, which was removed from service on account of four rails breaking

and showing interior fissures. Fifty rails were gathered up and sent to

the B. & O. R. R. Laboratory at Baltimore, where they were subjected to

drop tests, chemical analyses, longitudinal and transverse tensile tests

and sulphur printing. Microscopic tests were also made at the labora-
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tory of the Titanium Alloy Manufacturing Company at Niagara Falls,

N. Y.

2. Drop tests were made of the rails to disclose the fissures present.

Numerous fissures were found, mostly of the compound type, consisting of

a horizontal fissure that has worked out from a longitudinal streak in the

interior of the rail head, and with a transverse branch issuing from

the horizontal part. The fissures were more numerous in the rails that

had been in the heavier service and less numerous in the bottom rail of

the ingot.

3. The average composition of the steel in the rails was as follows:

C, .65; S, .053; P, .023; Mn, .78; Cr, .35; Ni, .42; Si, .15. The sulphur

was a little higher than usual in rail steel. There was a fairly imiform

distribution of the elements in most of the rails, and the rails with fissures

were chemically about the same as those without fissures.

4. Two samples for longitudinal tensile test were taken, from each

rail, one from an upper corner of the head or O position and the other

from the interior of the head or M position.

5. The rails showed good longitudinal tensile strength and ductility in

both the outer and interior parts of the head. The rails with fissures

showed about the same tensile properties as those in which fissures were

not found. In the interior of the head the tensile strength decreased

and the elongation increased downward of the ingot ; in other words, the

interior metal of the ingot became softer downward of the ingot.

6. Transverse tensile tests were made of samples across the middle

of the head. Most of the rails showed but little cross stretch with frac-

tures showing streaks that were longitudinal of the rail in the interior

of the head.

7. Sulphur prints were made of each rail. These showed the "sul-

phur spots" (indicating local segregations of sulphur) frequent in the

upper part of the ingot. The spots occurred more or less in all rails of

the ingot except that the E or bottom rail showed only a few of- them.

8. The microscopic tests showed the presence of non-metallic in-

clusions of sulphides, slag and alumina. They were mostly scattered, but

in places were also collected into groups forming the streaks found in

the fractures or the spots seen in the sulphur prints.

9. In conclusion, it may be said that chemically the material was a

little high in sulphur, but in general was free from segregation. Phys-

ically, the metal of the head showed good tensile properties in a longitu-

dinal direction, but transversely was low in ductility. The interior of

the head contained streaks of non-metallic material consisting of sulphides,

slag and alumina. These rendered the metal in the head somewhat akin

to wrought iron, in that it would stretch well lengthwise, but was "crumby"

when subjected to cross stretch, breaking along a streak.
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RAIL FAILURE STATISTICS FOR 1917

By M. H. Wjckhorst, Engineer of Tests, Rail Committee.

This report deals with the statistics of rail failures collected for the

year ending October 31, 1917, furnished by the railroads of the United

States and Canada, in response to a circular sent out by the American

Railway Association. The information furnished by each railroad

showed the number of tons laid of each year's rolling from each mill,

the equivalent number of track miles, and the total number of failures

that occurred in each year's rolling from the date laid until October 31,

1916.

The failures were divided into four classes ; namely, head, web, base

and "broken." They were reported by the railroads on American Railway

Engineering Association form 408 as revised in 1915. (See Manual for 1915,

page 104.) The reports cover rollings for 1912 and succeeding years, and

the ages of the rollings would average in track about the years shown

below

:

1912 5 years 1915 2 years

1913 4 years 1916 1 year

1914 3 years 1917 Several months

The tonnages represented by the statistics in this report are shown

below

:

Year Rolled Bcssoner

1912 211,125

1913 154,412

1914 60,654

1915 12,141

1916 41,737

1917 14,613

The equivalent track miles arc as follows

Year Rolled Bessoner

1912 1,518.71

1913 1,107.32

1914 ,431.39

1915 90.89

1916 319.44

1917 108.22

It will be noted that in recent years the Bessemer steel has formed

only a small part of the rail rolled as covered by the returns in this

report. The failures were tabulated with reference particularly to the

performance of the rails made by the different mills and were classified

successively in the following order: Kind of steel (Bessemer or open-

Open-Hearth



524 Rail.

hearth), mill, year rolled, weight per yard, section and railroad. The
totals were figured for the groups by the year rolled.

Lots of less than 1000 tons (that is, less than 1000 tons in any one
year's rolling for a railroad) were excluded from the tabulation, as they

would unnecessarily extend the tables and not materially change the

group totals and averages. The method of compiling the statistics was
to make prints (generally blue-line white prints) of the reports submitted

by the diflferent railroads after seeing that all the lines were fully fille<^

out, and then cutting them up along the horizontal lines with a large

card cutter or trimming board. The strips constituted the units in the

tables, and after sorting in suitable order and collecting into the desired

groups, the information was transcribed on a typewriter into tables,

from' which zinc plates were made for printing in this report.

The writer wishes to acknowledge the careful work of Mr. A. M.
Van Auken, who made the calculations and tables in this report.

FAILURES CLASSIFIED BY MILLS.

The detail tabulations by mills and years rolled are given in Table 7,

sheets 1 to 15, inclusive. A condensed table showing the failures of each

year's rolling of each mill is given in Table 1. First, it is interesting to

note from this table, the comparative performance of Bessemer and open-

hearth rails. Figuring the failures per 100 track miles of open-hearth

rails as 100 for each of the years 1912, 1913, 1914 and 1915, the relative

failures of Bessemer rails, together with the failures per 100 track miles,

are shown below

:

FAILURES OF BESSEMER AND OPEN-HEARTH COMPARED.

Years failures Per 100 Track Miles Comparative Failures

Year Rolled Service Open-Hearth Bessemer Open-Hearth Bessemer

1912 5 102.7 134.1 100 131

1913 4 68.5 79.7 100 116

1914 3 30.8 70.2 100 228

1915 2 19.0 19.8 100 104

The Bessemer rails showed more failures per 100 track miles, but,

as they were in general in less severe service, the actual difference in the

same service would undoubtedly have been greater.

The failures per 100 track miles for each of the mills classified by

kind of steel and year rolled are shown graphically in Fig. 1.

The average weights per yard, compiled from the tonnages used in

this report, are shown in Table 6. It will be noted that the Bessemer

rail tends to become lighter in weight and the open-hearth to become

heavier, due presumably to replacement of Bessemer rail for the more

important service by open-hearth rail.
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The results shown by these statistics are in general consistent among
themselves, but inconsistencies occur in the comparison of some of the

rollings from year to year, due to differences in the railroads that have

reported on such rollings from year to year. Since these statistics were

started they have become more complete by more roads sending in re-

ports and by the reports being made out in better form. But also in a

small number of cases roads have failed to make reports on rollings that

had. previously been reported on. In this way the rails shown for any

year's rolling by a mill may not be the same rails that had been previously

reported on. Thus it may happen that the failures per 100 track miles

in a group may show less than had been shown in a previous report for

the same group for a less period of service. Although the general trend

of the rail failures is probably satisfactorily shown, it is necessary for

the above reasons to exercise care in using the smaller groupings.

RANKING OF MILLS.

In order to show more conveniently the relative number of failures

from each of the mills and to show the ranking of the mills as regards

the failure performance of the rails rolled by them, Table 3 has been

prepared. Taking the average of failures per 100 track miles of all the

mills in each group (Bessemer and open-hearth), in any year's rolling

as 100, the relative number of failures of each of the mills is shown for

the years 1912, 1913, 1914 and 1915. The later rollings are not included

because of being too young. The rank of each mill is shown for each

year's rolling.

COMPARISON WITH PREVIOUS YEARS.

One: important purpose of these statistics is to enable comparisons

to be made of the performance of rail rolled from year to year, and

Tables 4 and 5 are given, showing the general records taken from the

reports for the years 1913 to 1917, inclusive, one table for Bessemer rails

and the other for open-hearth rails. The final comparison is made on

the basis of five years' service, but before closing the record of any

j-ear's rolling, a comparison can be made on the performance of a less

number of years' service. The records are closed for the rollings for

1908 to 1912, inclusive, and it will be noted that the average of the Bes-

semer rail from all the mills showed reductions in the number of failures

in the successive years. The open-hearth rail also showed reductions in

the number of failures in successive years, except that the 1911 rail

showed a somewhat larger amount than did the rail rolled in the year

previous.

A summary of the general results as given in the reports for 1913

to 1916 and this report is submitted herewith as Table 2. The average
failures per 100 track miles of the rollings for the several years, includ-

ing both Bessemer and open-hearth rails, is given in the following table

:
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pared on a shorter period of service. The more recent or "war-time"

rollings, however, are not starting out so well, but what the final per-

formance will be can only he told .ifter they have been in service a

sufficient length of time.

In this connection, the writer wishes to call attention to a diagram

submitted with a paper,* entitled "The Rail Failure Situation," on which

was shown the completed rail failure record taken from the reports for

1913, 1914 and 1915, and on which also was projected what we would

like the record to be in future reports. This diagram is reproduced

herewith as Fig. 3 with the insertion of the records from the 1916 and

1917 reports. It will be noted that our "Dream" is thus far coming true,

and a study of the performance of the rails for shorter periods of service,

indicates that the record will be favorable for another year or two, but

when we come to recent rollings, the record may acquire an upward

hump. It may be that due to war conditions the standard of quality of

both the manufacture of the rails and the maintenance of the track has

not been upheld. It behooves the railroads to watch closely the material

going into rails and the condition of the track in order not to have too

large a crop of rail breakages blamable indirectly to the war.

•proceedings American Railway Engineering Association, Vol. 18, 1917, p. 1219.



530 Rail

4 to in b- t- CO oom]^

M<n «* -t^n o«o

-t-^iOiOH© OU

U> 10 O) ^ *0 W ^ 'i' «H C

ic*pHiotoo>eoa3 ctt
>OCOVOOCDCO'* «<;
H<<tOCDtO tOff» «H «

3 lO Ui U> C* iH CT* CD WrjOC
H •* * O) t- *0 i-C to OO

lO Pq f 01 «0 «0 00 n CM fr- «B " "

t 00 to <T> ^ CV] O
lOt*»OH t-p

O)C\l«OtQfl0m OOU
- ^ to lO UJ t^ <*• to (0»0C_
niotot-O <" t- cvjHOC

HiQ tOCDO^O C

<i> «o 00 to to r- <o CO eg -* to 10 t

o^OMcvi «r> ^ e

> tf) c-^ a} Tt< CO t<

Ot- ^* * OO t

0*CVi CMOtO v(

E^ tOOCO tOU

<-tt- to to 1^*1

feo^OO toco E^

(8 0t O t- 4 ^ <0
03 t-ff» ^ OH

lO CM lO U)

§-H boo » O
h • d (BH&<

hS 3h S 3

5^pc

>H^r-1H -fW tOCvJC

-t^i-l0O«L
-CD cv] r- ^ H c

OI H t-r

lO^C-^«0 0« t-H^-
Cft Ol O O t- ^W ODiOi-*^

^^e^OQO CD ^ t- H r-t a
H-*iot-to o <o lOtr^-
H»o to «*0 « e- -tfo

JMCft'OMHO OC
-^cxj^otDCM^ t-e ..-
-O^O^WtOt- H «* * <J

eg t- t- ^ to m CD

© ^ »oa) H to o
00 <0 e- eg H eg -*

)O<^t*CDr-e-^l0rHC

iOiOO'*tT>^l>-*00OHt

4^-cgtoco«4<cg«Hc

^ -|^ p o-a^^ 0) t>»d g
' a PH 0r^ o ji H d a

to 3

^ eg
to o

^-•S^
I
e« e^ o



Rail Failure Statistics for 1917. 531



532 Rail



Rail Failure Statistics for 1917, 533

?AILUEES FOE VARIOUS AGES OP RAIL PEP 100 TRACK MILES.
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TRANSVERSE FISSURE RAILS ON DELAWARE, LACKA-
WANNA & WESTERN RAILROAD—HEAT 27314

By M. H. Wickhorst^ Engineer of Tests, Rail Committee.

This report gives the results of an examination of a heat of rails

on the Delaware, Lackawanna & Western Railroad, which was removed

from service on account of four rails failing and showing transverse

fissures. The record of the four rails which failed in track is given in

Table 1. We are unable to sa)' whether the fissures in these rails were

simple transverse fissures or were of the compound type in which the

transverse part is a branch or growth from a longitudinal fissure, as

unfortunately neither the rails nor photographs of the fractures were

available at the time of making this investigation.

Table 1

—

Failed Rails.12 3 4

Rail Letter E E Unknown D
Date Laid 11-1914 11-1914 11-1914 11-1914

Date Removed 9-1916 9-1916 11-1916 12-1916

Age ly. 10 m. ly. 10 m. 2 yrs. 2yrs. 2 m.

Mile Post 35 35 32 35

Curvature 2° 2° IVt." 2"

High or Low Rail low low low low

Grade, ft. per mi 33 33 42 33

The rails were of the D. L. & W. 105 lb. section made in November,

1914, at the Bethlehem plant of the Bethlehem Steel Company, and were

all removed from track in February, 1917. Through the kindness of

G. J. Ray, Chief Engineer, and H. J. Force, Engineer of Tests, of the

D. L. & W. R. R., the rails were gathered together at Scranton, Pa., and

an investigation made of them by means of bending tests, chemical an-

alyses and tensile tests.

The rails were of heat number 27314 and were branded Bethlehem

105C XI 1914. In the original inspection of the rails, the A rails failed

in the drop test and were rejected, and therefore no A rails are in-

cluded in this investigation. Ninety-nine rails had been gathered at

Scranton and it was intended to test all of them, but through misunder-

standing most of the rails had been taken for secondary track work before

the actual testing could be started, leaving 25 rails covered by this report.

From out of the middle of each rail a piece 15 inches long was cut by

means of an oxjgen-acetylene torch for chemical analyses and tensile

tests. The two long pieces were used for bending tests to disclose any

fissures present in them.

Report No. 74, September, 1918.
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Table 2

—

Bending Tests.
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Bending Tests.

The long pieces of rail were subjected to bending in a hydraulic press

with the head down so as to put this part in tension. The supports were

four feet apart and the rails were bent at intervals uf about two feet

along their length. If the rail did not break it received a camber of eight

inches or more in the half rail length; that is, the middle ordinate from

a cord stretched between the ends of the rail, to the base, was a min-

imum of eight inches. The results of the bending tests are given in

Table 2, grouped by ingot positions of the rails. The heading of the

column entitled "Interior," means that the initial point of break was in

the interior of the head, as evidenced by the fracture lines radiating

from a point inside the head, generally near the middle. The heading

"From Top" means that the fracture lines radiated from a point at the

top surface of the head, thus indicating the initial point of the break.

In these cases the steel showed a very fine-grained, hardened structure for

Fig. 1

—

Fissure Found in D Rail Number 10.

a depth of about -h inch from the surface, due presumably to driver

slippage. The heading "Uncertain" means that the initial point of break
could not be definitely determined from the appearance of the fracture.

It will be noted that fissures were found in two of the 24 rails listed,

one fissure in D rail number 10 and four fissures in E rail number 24. The
fissure found in rail 10 is shown in Fig. 1 and the four fissures found
in rail 24 are shown in Fig. 2. The four fissures of rail 24 were of the

simple transverse fissure type in which the fissure developed transversely

from a granular core. The fissure of rail 10, however, is seen to have
evidently been the transverse branch of a compound fissure in which
the main part was longitudinal and obliquely horizontal.

Of the 104 breaks, it will be noted that 78 started in the interior of

the head, in addition to the 5 breaks that showed fissures. Seventeen

started at the top surface in metal that had been hardened by driver

slippage, but it is interesting to note that cracks had not developed in

service from this hardened metal so far as disclosed by this examina-
tion.

In addition to the rails listed in the table, tlierc was one rail (num-
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ber 16) on which the rail letter or ingot position could not be recognized.

This gave three breaks, all from the top surface.

Chemical z\nalyses.

Two samples were taken for analysis from near tlie middle of each

rail, one from tlic O position (ontsidr), near an ujipcr corner of the

Fig. 2—Four Fissures Found in Rail Number 24.

head, and the other from the M 'position (middle), from the interior of

the head near the web, as shown in Fig. 3. On each sample determina-

tions were made of carbon, manganese, phosphorus, sulphur and silicon,

Fig. 3

—

Locations of Samples for Analyses.

and the results are given in Table 3, grouped by ingot position of the

rails. The average composition of the steel as poured would be fairly

well represented by the average of the samples from the O position, and

these results are given below in comparison with the original heat analysis
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by the mill and the analysis of a sample of rail by the Railroad Company

at the time of inspection of the rails.

C Mn P S Si

Average all rails 761 .83 .026 .026 .170

Ladle analysis 742 .99 .022 0.24 .154

Inspected rail 738 .98 .022 .024 .154

Table 3

—

Chemical Analyses.

Rail
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It will be noted that except as to manganese these several results are

in fair agreement.

For convenience of comparison the average carbon results for the

several ingot positions are collected together in Table 4.

Table 4

—

Avekage Carbon Results.

Rail Letter
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It will be noted that in the O position, or corner of the head, the

metal showed good tensile properties ; the tensile strength and elongation

were good in all the samples. In the M position, or interior of the head,

however, there was considerable variation in tensile properties ; the elonga-

tion was good in most of the D, E and F rails, but in most of the B
and C rails the elongation was low or almost absent. D rail number 10,

Table 5

—

Tensile Tests.

Rail
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which had a longitudinal fissure with a transverse branch, showed good

longitudinal ductility in both the outer part and the interior of the rail

head. E rail number 24, which had some simple transverse fissures,

showed good ductility in the outer part of the rail head section, but the

longitudinal tensile specimen from the interior of the head broke "short"

in testing, indicating low ductility, or perhaps a defect in the specimen.

The results on these two rails correspond to previous experience

;

namely, that with simple transverse fissures, the ductility in the interior

of the head is low, while with compound fissures the interior longitudinal

ductility may be good. Unfortunately, however, we have no pictures of

the original fractures in the track, and too few rails with fissures were

found in the bending tests, to allow us from the results of this investiga-

tion, to correlate the tensile properties with the nature of the fissures.

For convenience of comparison, the average results for the several

ingot positions are collected together in Table 6.

Table 6

—

Average Elongations

Rail Letter.
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the rails themselves were no longer at hand at the time of making this

investigation.

4. Two samples were taken for analysis from near the middle of

each rail, one from the O position near an upper corner of the head, and

the other from the M position or interior of the head near the web.

The average composition of the steel in the rails was found to be : car-

bon, .761; manganese, .83; phosphorus, .026; sulphur, .026; silicon, .170.

In the O position, the carbon was about the same in the several ingot

positions, but in the M position the carbon decreased downward of the

ingot, that is, the steel became softer downward of the ingot.

5. Two specimens were cut for tensile tests from near the middle

of each rail, one from the O position and the other from the M position.

In the O position, the tensile strength and elongation were good in all

the samples. In the M position or interior of the head, the steel showed

good tensile properties in the rails from the lower part of the ingot, but

there was considerable brittleness in the rails from the upper part of the

ingot.

6. It had been hoped to determine the relationship between fissures

and the tensile properties of the metal of the interior of the head, but

a large part of the rails of the heat were not available for examination

and of those examined only two showed fissures. The results on these

two, however, correspond with previous experience, namely, that with

simple transverse fissures the interior metal of the head is of low longi-

tudinal ductility while with compound fissures, in which the transverse

part is a branch that has grown ofif from a longitudinal fissure, the

ductility in a longitudinal direction may be good.





Appendix G.

TESTS OF SPLICE BARS AT ALTOONA.

Pennsylvania Railroad.

This paper gives a report of tests of rail joint bars and rail joints

made at the Altoona Laboratory of the Pennsylvania Railroad. The re-

port was made May 8, 1915, by Mr. C. D. Young, then Engineer of Tests,

to Mr. J. T. Wallis, General Superintendent of Motive Power, who has

kindly permitted the Association to use the information. The text here

given is essentially the report as made by Mr. Young, but the detail plot-

tings of the laboratory results and some of the illustrations that accom-

panied the report have been omitted, to save space.

1. These tests of splice bars, covering the transverse strength under

static and dynamic loading, were made in accordance with the verbal

instructions which we received from the General Manager on January

4, 1915.

2. The object of the tests was to ascertain the relative stiffness of

the standard joints under transverse load, and, where practicable, to in-

crease this stiffness by changes in design or by heat-treatment.

DESCRIPTION AND COST.

3. Complete rail joints were made up for tests, using P. S. Section

rail and the following types of splice bars, as shown in Table 1 :

Tap.le 1

—

Joints Tested.

Joints

Four Hole—100 Lb. P. S. Rail

No. 8 —Plain Untreated
No. 8* —Plain Untreated
No. 8 —Plain Heat Treated
No. 8-A—100% M. W Untreated
No. 8-B—Bonzano Untreated
No. 8-B—Bonzano Heat Treated
No. 8-C—Duquesne Untreated

—Continuous Untreated
—Continuous Heat Treated
—Study No. 3 Heat Treated
—Study No. 4 Heat Treated
—Study No. 5 Heat Treated
—Study No. 5-A Heat Treated

No. 8} —Plain Heat Treated
No. 8§ —Plain Untreated
No. 12-B—Bonzano Untreated

•With Zollinger Tie Plate.

I Various lengths.

Six Hole—100 Lb. P. S. Rail

No. 8 —Plain Untreated
No. 8-A—100 Per Cent Untreated
No. 8 —Plain Heat Treated
No. 8-B—Bonzano Untreated
No. 8-C— Duquesne Untreated

P.ail Report 75, December, 191S.
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4. In addition to the above, the following solid rails were also tested

as basis for comparison of the joints:

100-lb. P. S. Section Rail—Untreated.

100-lb. P. S. Section Rail—Heat Treated.

125-lb. P. S. Section Rail—Untreated.

125-lb. P. S. Section Rail—Heat Treated.

5. Figures as to cost of the various splice bars were obtained from

the Purchasing Department, as given in Table 2

:

Table 2^Prices

Kind of Splice Bars Section
No. of

Holes
Price

Per Pair

Continuous
Bonzano, No. 8-B
100 Per Cent, No. 8-A
Duquesne, No. 8-C
Plain, No. 8

Plain, No. 8 (Heat Treated)*
Bonzano, No. 8-B
100 Per Cent, No. 8-A
Duquesne, No. 8-C
Plain, No. 8
Plain, No. 8 (Heat Treated)*
Combination 4 Tie-Tie-Plate, $1.50 per 100 Lb
Tie Plate, per pair

P. S.

P. S.

P. S.

P. S.

P. S.

P. S.

P. S.

P. S.

P. S.

P. S.

P. S.

$2.16
1.80
1.80
1.80
1.17
1.31
2.00
2.00
2.00
1.35
1.51

1.64
0.38

•Assumed cost of heat treatment per pound, $0,002.
§Zollinger Anti-Creeping Tie Plate.

METHOD OF TESTS.

6. The joints were put together by trackmen, using the maximum
low temperature spacing of tV in. between the rail ends. Each joint was

supported on the bed plate of the testing machine by two supports having

surfaces curved to a radius of 5 in., spaced 20 in. apart, and the joints

loaded in the center by means of a curved block, the loads being applied in

increments, the deflection and set measured for each load, and t-he results

plotted to determine the elastic limit.

7. In making the drop test the joints were assembled as before and

mounted on square edge blocks set 20 in. apart inside edge to inside edge,

and the rails struck in the center by a 2,200-pound tup having a curved

striking face. The test was started with the first blow at one foot, second

])low at two feet, and so on, the permanent set being measured at the

center after each blow until it had reached or exceeded 1 in., then the

blows were continued, one foot at a time, until some definite failure took

place.

8. Two each of the joints in Table 1 were given a transverse test

with head up, two each of the joints as indicated in Table 3 a similar

test with head down, and two each of the joints in Table 9 a drop test

with head up, and in addition transverse drop tests were made upon cer-
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tain new splice bars having modifications in length and section as given

in Table 3 and Table 8.

9. In order to make a comparison between the elastic limit of the

various joints and of the solid rails, four pieces each of 100 pounds P. S.

section and 125 pounds P. S. section rail were given a transverse test in

both the original and heat-treated condition, on the same supports used

for the joint tests, with head of rail up in all cases.

RESULTS.

10. These have been studied under the following general headings

:

1—Comparison of Transverse Test with Head Up and Head Down.
2—Relative Efficiency of Different Joints.

3—Effect of Heat Treatment.

4—Strength of 100 and 125 Pound Rail.

5—Comparison of Efficiency of 4 and 6 Hole Joints.

6—Efficiency of Bars of Various Lengths.

7—Studies for Maximum Efficiency of a Plain and Anti-Creeping Type

of Splice Bars.

8—Physical Properties of Bars and Rails Under Test.

9—Section Modulus and Stress at Transverse Elastic Limit.

10—Comparison of Dynamic and Static Tests.

11—Investigation of Joints Removed From Track.

12—Comparison of Weight and Cost to Efficiency.

13—^Summary.

COMPARISON OF TRANSVERSE TEST WITH HEAD UP AND
HEAD DOWN.

n. A portion of Table 3 gives a comparison of the various joints

which we tested with head up and head down. It is seen that all of the

bars, with the exception of the Plain No. 8, four-hole, Bonzano No. 8-B,

six-hole, M. W. 100 Per Cent. No. 8-A, four-hole, and Duquesne No.

8-C, six-hole, are stronger, with the head up than with the head down,

although even in these exceptions the difference is very slight, the maxi-

mum being about 10,000 pounds.

12. We think the head down figures should not be used in judging

the value of a splice, for the reason that the rail is not used this way in

track, being subjected to the head down strains only when the wheel is

approaching or leaving the joint, and then only when the support for the

rail is insufficient and permits working of the rail, resulting in lever action

within the splice. We have, therefore, in the following discussion elim-

inated the head down figures.
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Table 3

—

Results of Tests.
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Pennsylvania Railroad company
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—

Sample Diagram of Ploti-ed Results.
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TEST fsj O. I

Fig. 2

—

Plain Bar No. 8, Four Hole.

TEST NO. 53

Fig. 3

—

Plain No. 8, Four Hole.
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TEST MO S

Fir,. 4—Plain Bar Xo. 8, Six Hou-;

TEST NO 56

Fig. 5—Plain No, 8, Six Holk.
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TEST NO '^<i

y^iG. 6

—

Plain No. 8 with Zollinger Tie Plate.

TC-ST N O 3S

Pif-., 7--B0NZAN0 No. 8B, Four Hole.

TCST NO e>

Fig. 8—Bonzano No. 8B. Six Hole.
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TLST NO -^3

Fig 9_Bonzano No. 12B for 125-Lb. Rail, Four Hole.

TtST NO 2a.

Fic. 10

—

Continuous, Four Hoi f..



:i7o Rail

TEST NO tS

Fig. 11—DuQUESNF No 8C, Four Hole.

T ?lo T l-J -'^ I

Fig. 12—Duquesne No. 8C, Six Hole.
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TC^T NO 19

T£:S T 1^0 iS

Fig. 13—M. W. 100 Per Cent., Four Hole.

Fig. 14—M. W. 100 Per Cent. No. 8A,' Six Hole.
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T EST NO 10^'

Fig. No. 15—Study No. 3, Heat Treated.

tcstnohs

Fig. 16^Study No. 5, Four Hole.

TC.rT NO rie

Fig. 17—Study No. 5A, Four Hole.
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14. Fig. 1 shows a sample diagram of the plotted results on cross-

sectioned paper. Other diagrams were made to magnify the elastic limit

which is shown in Table 3.

15. Illustrations of the bars after the transverse test are given in

Figs. 2 to 17, inclusive.

RELATIVE EFFICIENCY OF DIFFERENT JOINTS.

16. With the enlarged and revised table, shown with Par. 12, it is

seen that some slight modification in the "head up" values have occurred,

as compared with our previous report, No. 15-9, dated January 26, 1915,

slightly changing the efficiency of some of the joints at the elastic limit.

This is due to the more careful study of the data which has now been

made. By reference to Table 3 it will be seen, judging the efficiency

of the joint by its elastic limit, as already described, and using the "head

up" figures as a basis, places the 100-lb. rail joints, heat treated and un-

treated, in the order shown in Table 4.

Table 4

—

Efficiencies.

Type of Joint

1—(Bonzano, No. 8-B»
(Study No. 3—30' Anti-Creeping Plate.

2—Continuoua
3 (Study No. 4

(Study No. 5

(Studv No. 5-A

4—Continuous
5—Plain. No. 8
6—Bonzano, No. 8-B
7—Duquesne, No. 8-C
8—M. W. 100 Per Cent, No. 8-A.
9—M. W. 100 Per Cent, No. 8-A

.

ia-{Plain, No. 8
iDuquesne, No. 8-C

11—Plain. No. 8, with Zollinger Tie Plate.
12—Bonzano. No. 8-B
13—Plain. No. 8

Treated

Yes
Yes
Yes
Yes
Yes
Yes

No
Yes
No
No
No
No

No
No
No
No
No

No. of

Holes
Wt. per

Pair. Lbs.

4

4

4
4

4

4

4

4&6
4
4
6
4

75
109
94
68
70
55

94
69&79

75
80
84
75

178

76
69

Efl5ciency
Per cent

146
146
120
103
103
103

74
71

69
63
54
49

40
40
37
34
29

•Chrome nickel steel; therefore, is not on the same basis of comparison as the other plain

carbon joints.

17. The beneficial effects of heat treatment are well portrayed her^

in that the Bonzano and Continuous joints, when heat treated, are strongei

at the elastic limit than the soUd rail, whereas, in the untreated state,

they are less than 75 per cent, of its strength. The Plain No. 8 bar, heai

treated, compares favorably with the untreated Continuous and Bonzano

joints of greater weight, and, as discussed later. Par. 31, it is shown that

by increasing the section modulus of the Plain bar and heat treating, the

efficiency is brought up to that of the rail itself; this is shown by Studies

Nos. 4, 5 and 5-A.
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18. It was found that 0.45 carbon Bonzano bars which were heat

treated contained 0.32 per cent, chromium and 0.60 per cent, nickel, they

probably having been made of Hayari steel. Due to the additional chem-

ical hardeners in these bars, the efficiency developed is not fairly com-

parable with the rest of Table 4, and a bar of this hardness could harly

be used, because the Brinell hardness is 267, which makes it about equal

to the hardness of the rail. We have in all the other bars kept them

softer than the rail, in order that they, instead of the rail, would wear

when in service. Undoubtedly, the Bonzano bar treated to the proper

hardness would show the same proportional increase in efficiency as ob-

tained in the Continuous bar. This would then place the Bonzano bar,

heat treated, between the Continuous and Studies Nos. 4, 5 and 5-A

in Table 5.

19. It is, therefore, seen, that Study No. 3 makes the most efficient

joint, and that Studies Nos. 4, 5 and 5-A, Plain bars, are equal to the

stiffness of the rail itself, and 29 and 34 per cent, stiffer than the un-

treated Continuous and Bonzano bars, respectively, but, if it is desired to

heat treat either the Continuous or Bonzano bars, they will be stiffer than

the rail itself, but not as efficient as Study No. 3.

EFFECT OF HEAT TREATMENT.

Table 5

—

Heat Treatment Results.

Type of Rail or Splice Bar

Elastic Limit of Joint or Rail

Before Treatment After Treatment

Gain in

Per cent.

Solid Rail, 100-lb
*Solid Rail, 125-lb
Plain Bar, No. 8, Four-Hole.,
Plain Bar, No. 8, Six-Hole. .

.

Continuous Bar, Four-Hole...
(Bonzano, Four-Hole

175,000
220,000
50,000
70,000
130,000
120,000

280,000
375,000
125,000
125,000
210,000
255,000

60.0
70.0
150.0
79.0
61.0
112.0

*mgh Carbon Steel.

§Chrome Nickel Steel.

20. Sections of 100 and 125 pound rails were heat treated, as well

as splice bars of the Plain No. 8, four and six hole, and four-hole Con-

tinuous and Bonzano type. Table 5 shows the effect of the heat treat-

ment upon the elastic limit under transverse strength, "head up." Both

the rails and joints, after heat treatment, have had their stiffness mate-

rially increased. This increase in stiffness, in heat treatment, amounts

to from 60 to 150 per cent, of the untreated bars at their elastic limits.

It would, therefore, seem that in order to produce a splice bar which will

increase the efficiency of the joint, that one of the simplest and most

economical ways is to heat treat the material. This treatment consists

in heating the material above the recalescence point (approximately 1500

degrees Fah.) and quenching in water from that temperature, and then

annealing the hardened steel at a temperature of approximately 1050
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degrees Fah. This process of heat treatment should not add more than

approximately $5.00 per ton to the cost of the steel, and, as shown, will

increase the stiffness of the bar certainly not less than 50 per cent, and

still have the bar softer than the rail. The large increase which is shown

in the case of the Plain No. 8 four-hole bar is due to the relative soft-

ness of the material of the untreated bar. This resulted in a very consid-

erable increase in the stiffness when the bar was treated.

21. Certainly, from these results, the value of heat treatment of

splice bars cannot be disregarded, and a heat treatment requirement

should be incorporated in the specifications covering the future purchase

of splice bar material.

STRENGTH OF 100 AND 125 POUND RAILS.

22. In Table 5, showing the effect of heat treatment, it will be

noted that the increase in the load at the elastic limit of the 125-pound

over the 100-pound rail is 26 per cent, for the untreated materials and

34 per cent, for the heat-treated materials. As the section moduli, both

above and below the neutral axis for the 125-pound rail, is 46 per cent,

greater than for the 100-pound rail, it is of interest to observe that, con-

sidering their section moduli, the expected gain has not been made in

the strength of the 125-pound over that of the 100-pound rail. This

is shown in Table 6:

Table 6

—

Tests of Rails.
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COMPARISON OF FOUR AND SIX HOLE JOINTS.

24. From Table 7, showing the efficiency of the joints of the four

and six hole type, there appears to be nothing gained, so far as strength

in transverse loading is concerned, by using a six-hole instead of a four-

hole joint. If anything, the four-hole joint seems to have a slightly

higher efficiency than those of the six-hole type. It should be noted,

however, that in two cases this is not true and in two others there is

no difference.

Table 7

—

Four Holes and Six Holes Compared.
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that no loss in efficiency is to be expected from the reduction of the

length of the splice bar to 18^-in., either when tested on 20-in. sup-

ports or 26-in. supports, which latter spacing probably represents the

maximum for the joint in track. Of course, the saving in weight, of the

^me section, is directly proportional to the reduction in length, and, due

to the reduction of the length of the splice, certain studies were made of

new designs of splice bars of heavier section, keeping in mind the advan-

tage which might be obtained from weight reduction, due to increase

in length.

Table 8

—

Lengths Compared.

Type
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be necessary to bolt the splice to the rail and then introduce the spHce into

the slots of the tie plates.

29. When heat treated and tested, this bar gave the maximum effi-

ciency of any tested, namely, 146.0 per cent. The bar is devoid of spike

slots and that part under the base of the rail is engaged by the tie plate

and acts in conjunction with it for anti-creeping.

30. One other feature to be noted in the construction is that ,with

the tight fitting of the base portion of the bar into the plate, loose bolts

in the rail joint will not permit the tie bar to separate itself from the

rail and when the bolts become loose it will probably aflford some addi-

tional support to the joint such as is not to be found in any other design.

A pair of these bars, 18 in. in length, the length of bars tested and as

shown in Table No. 8, weigh 63 pounds, as compared with 69 pounds for

the Plain No. 8 bars, 26^/2 in. in length, and 94 pounds for the Continuous.

Subsequent tests with a 15-in. four-hole bar. Study No. 5-A, proved .so

satisfactory that we have added on sheet No. 9904 a 15-in. bar of this

design, identified as Study No. 3-A, a pair of which weigh 52 pounds.

Thus a saving in weight of 17 pounds can be obtained with Study No. 3-A
bar over the present Plain No. 8 bar and 41 pounds over the Continuous.

Where anti-creeping is demanded in connection with the joint, this bar

can be used, both for attachment to two ties and to four ties, this tie

plate being comparable with the Continuous and other bars which have

spike slots in the base for fastening to two ties. A plate 30 in. in length

and weighing 49 pounds can be used for two ties and for four ties a plate

70 in. in length and weighing 133 pounds can be used.

31. Making use of the information derived from these tests. Studies

Nos. 4, 5 and 5-A were prepared. These bars were heat treated (see

Table 3) and gave an efficiency of 103 per cent., which is 29 and 34 per

cent, in excess of the untreated Continuous and Bonzano bars, respect-

ively. Studies Nos. 4 and 5 were designs of bars 18^ in. long and weigh-

ing 69 pounds per pair. This is the same approximate weight as our

present standard Plain No. 8 bars and give an efficiency 32 per cent,

greater than this same bar, heat treated, and equal to the efficiency of the

rail. Study No. 5-A has the same section as Study No. 5, but Js 15 in.

long and weighs 55 pounds, and with it there would be a saving of 14

pounds over the present standard No. 8 Plain bar, which saving in

weight will more than ofifset the cost of heat treatment. In other words.

Study No. 5-A bar can be furnished, heat treated, and with heat-treated

bolts and nuts, at approximately the same cost or less than our present

No. 8 Plain bar, untreated, and give a strength figure at the elastic limit

equal to the rail and three times greater than the -Plain No. 8 bar,

untreated. These special bars (Studies Nos. 4, 5 and 5-A) have a disad-

vantage, in that they do not have as good a holding feature between the

tie and the rail for spiking as the present Plain bar and probably could

not be used with success, where this is an important feature. They have,

however, the advantage of a much higher strength for the same cost and .

could be used on track where the prevention of creeping is not demanded,



Rail 579

in which case Study No. 3 or 3-A could be used. Study No. 5-A would

require a special tie plate, as indicated on the drawing, in order to keep

the track in gauge at the joint. However, there would be no reason for

spacing of ties at joints with this efficiency of bars.

PHYSICAL PROPERTIES OF BARS AND RAILS TESTED

32. Table 8A gives the physical properties of all bars tested,

both heat treated and untreated. The hardness was found by observa-

tion along the bar and the other values by a 2-in. test specimen cut from

the bar.

33. This information indicates that in the treatment of a bar, in

order to insure that it will be softer than the rail, the Brinell hardness

Table 8A—Physical Ppoperties of Splice Bars and Rails.
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as noted in Par. 18, the Bonzano heat-treated bar gave a very high figure,

equalling Study No. 3.

34. The tentative specifications which have been drawn up and sent

you with our letter of February 17, 1915, covering heat-treated splice bars,

would have rejected this bar on account of high ultimate strength, it

being 11,000 pounds higher than the upper limit. The results on sheet

No. 9845 indicate that the elastic limit of the untreated bars, such as we
are receiving, is considerably lower than what we require in the pro-

posed specifications. This is due to the requirement of a high elastic limit

produced by treatment whch we propose, in order to produce the de-

sired stiffness.

SECTION MODULUS AND STRESS AT TRANSVERSE ELASTIC
LIMIT.

35. In Table 8B is shown the relative efficiency of the bars,

section modulus, moment of inertia, area and weight of two bars. From

Table I—Efficiency, Section Modulus and Moment of

Four-Hole Bars—100-Lb. Rails.

Inertia-
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COMPARISON OF DYNAMIC AND STATIC TESTS.

37. All of the four-hole 100-pound bars and 100-pound rails, un-

treated, were subjected to the drop test as explained under Par. 7, and

in addition the Plain No. 8 bar, heat treated, and bars representing

Studies Nos. 3 and 4, were also subjected to the same test.

38. These results indicate that the stiffness under shock, of bars

representing Studies Nos. 3 and 4, both heat treated, when compared with

the untreated rail, was greater than the stiffness of the Plain No. 8 bar,

heat treated, and the Plain No. 8 bar with the Zollinger tie plate, while

this stiffness was not so evident in the static test. It seems, from these

results, as though the raising of the elastic limit by heat treating the ma-

terial has benefited the bar, under shock, to a greater extent than under

static loading.

39. We have endeavored to make a comparison of the static and

dynamic strength of the joints, but this does not seem to be possible,

probably due to the fact that the joints under the drop test, being assem-

bled structures, are subject more to variations than imder the slow applica-

tion of the static load in the test machine. Table 9 has been prepared,

however, and is of interest in bringing out the relative differences that

appear between the static and the dynamic test.

Table 9

—

Dynamic and Static Tests.
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the bars based upon an arbitrary axis, within the tup and two inches above

the top of the rail. Using figures in this column, Table 10 has been pre-

pared, showing the moment of resistance of the bars of different types

and the stress in foot pounds which caused a set of 0.1 inch, and this in

turn has been compared with the static load of the bars at the elastic

limit.

Table 10

—

Tests Compared.

TYPE NO.
Moment of

Resistance
Foot Pounds
at 0.1 In. Set

Static Load at
Elastic Limit

Rail, 100 Lb
Continuous
No. 8-C, Duquesne.
No. 8-A, 100% M. W
No. 8-B, Bonzano. .

.

No. 8, Plain

Study No. 3, H. T..
Study No. 4. H. T..
No. 8, Plain, H. T..

38.5
68.2
61.6
59.3
53.0
43.3

9962
3368
3050
2492
2346
1600

175,000
130,000
110,000
85,000
120,000
50,000

72.3
66.05
43.3

11480

3880

255,000
180,000
125,000

41. The results have been grouped to keep the treated and untreated

materials separate. The bars rank in the same relative order as their

ability to absorb kinetic energy as might be predicted from their moment

of resistance, and the same relative order applies when comparing the

elastic limit of the bars under static test, with the exception of the No.

8-B Bonzano bar. In this case, however, it is to be noted that the elastic

limit of the material in the untreated Bonzano bar, which contained

chromium and nickel (see Sheet No. 9845), was higher than was found in

the other bars tested transversely, and this, together with the fact that

the Bonzano bar under the drop test did not have these elements, may and

probably does account for the relatively better showing of the Bonzano

bar, section modulus considered, under static than under drop test.

42. The most striking result found in the drop test is the ability of

the solid rail to absorb dynamic shock, as compared with the built up

structures, for it is noted that the rail which has a calculated moment of

resistance lower than the lowest joint has a tested moment of resistance

six times greater. We feel that this indicates rather clearly that in the

solid bar the moment of resistance should never be compared with the

moment of resistance of built up structures, and it seems questionable,

therefore, whether built up structures under dynamic test will give re-

sults which are fairly comparable with what should be expected from

the solid rail. Such conditions as tightness of bolts, the friction at the

fishing surfaces, the exact location of the striking face of the tup and

the inability of the built up structure to react under the shock, appear

greatly to influence the results so as to make the drop test of question-

able value, although in this test, as has been pointed out (Par. 41), the

calculated moment of resistance of each of the built up structures does

follow very closely the ability of the joints themselves to absorb dynamic

force.
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INVESTIGATION OF JOINTS RECEIVED FROM TRACK.

43. An examination at the scrap pile in Altoona was made of the

condition of 960 bars removed from track. These were sorted into five

general groups of characteristic failures, as shown in Figs. 20 and 21.

^c^L

Fig. 20

—

-Diagram of Types of Breaks.

1—Splice bars removed from the track due to being abraded on the top

fishing surface (No. 1), the depth of wear varying from 3*2 to tV in.,

and having a maximum wear from the end of the rail of approx-

imately 8 in. It was also noted on the longer six-hole bars that sim-

ilar wear occurs at the ends of the splice bars. This is not so much
in evidence on the shorter bars, being confined to the top of the cen-

ter. Of the 960 bars examined, 24 per cent, were of this class. All

of these bars could, in our opinion, be reclaimed by reforming.

2—Cracked from the top of the bar down into a hole (No. 2).

3—Cracked, in a great majority of the cases, through the spike slot and

entering the hole (No. 3).

4—Cracked, starting from the bottom and generally from the spike slot

and not entering the hole (No. 4).

5—Broken bar and from all appearances has broken from the bottom up,

generally starting from the spike slot (No. 5).

Note.—The pictures of the depending fiange have no reference to the

character of break, as similar breaks were found in Plain bars.

44. It is seen from the tabulation shown on Fig. 22 that the class 5

break was the predominating fracture. We hardly feel that the examina-

tion has covered a sufficient number of the different designs of bars to

draw any conclusions so far, regarding the design and its breakage;

furthermore, no information as to the mileage which has run over each

of the joints is available.

45. Class 5 failure amounted to 60 per cent, of all of the bars broken,

or 44 per cent, of the total examined, including class 1. Classes 3 and 4

may be viewed together, these constituting 35 per cent, of the cracked bars,

or 27 per cent, of the total examined. A great majority of these cracks

originated at the spike slot, although in the depending flange type of joint

there were a large number which started at a point where the depending
flange leaves the bottom horizontal line. But 6 per cent, of the total
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Fig. 21—Charactertstic Faii.ures in Track.
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cracked and broken bars, or 4.5 per cent, of the totalbars examined,

showed cracks from the tipper edge of the bole hole.

46. We feel that a general conclusion can be drawn from this limited

examination as follows

:

1—That approximately one-fourth of the bars which are removed from

the track can be reclaimed by reforming, although this percentage

would probably increase if a reforming plant were in operation and

a closer limit were placed on the amount of wear permitted between

the rail and the splice bar.

2—The spike slot in the bar, due to the sudden interruption of the sec-

tion, although this interruption occurs some considerable distance from

NAME Of^

SPLICE



Rail. 587

48. There is tabulated in Table 11 the different types of joints with

the efficienc}-, weight of two bars, ratio of the efficiency to the weight, and

the price complete of the joint with the tie plate.

Table 11

—

Weights and Cost.

Type of Bar

Continuous
Bonzano, No. 8-B
Duquesne, No. 8-C
M. W. 100%, No. 8-A
Plain, No. 8

Study No. 3-A (30' Plate)*.
Bonzano, No. 8-B#
Continuous
Study No. 5-A
Plain, No. 8

Study No. 3-A (30" Plate)*.
Zollinger Tie Plate and No.
Plain*

Zollinger Tie Plate and No.
Plain*

Heat
Treated

No
No
No
No
No

Yes
Yes
Yes
Yes
Yes

Yes

Yes

No

EflSciency
Per cent.

74.0
69.0
63.0
49.0
29.0

146.0
146.0
120
103.0
71.0

146.0

71.0

37.0

Weight
2-Bars
Lbs.

93.8
74.5
80.0
75.5
69.0

102.0
74.5
93.8
55.0
69.0

185.5

215.0

178.0

%.
Ratio

Efficiency

Weight

79.0
93.0
79.0
65.0
42

143.0
196.0
128.0
188.0
103.0

79.0

33.0

21.0

Price—Dollars

2-Bara

2.16
l.SO
1.80
1.80
1.17

I.IU
1.95§
2.35§
1.06§
1.31§

1.11§

1.31§

1.17

2-Tie
Plates

0.38
0.38
0.38
0.38

0.95
0.38

0.38
0.38

2.20

2.20

1.64

Total

2.16
2.18
2.18
2.18
1.55

2.06
2.33
2.35
1.44
1.69

3.31

3.54

2.81

*Zollinger tie plate tested was 5^' thick and 9^' wide, whereas Study No. 3-A plate was
heavier, being %" thick and lOM' wide.

§Cost of heat treatment estimated at $5.00 per ton.

#Chrome nickel steel—all other bears medium carbon steel.

49. In the above Table 11 the cost of the track tie plate was added to

the cost of the bars and, therefore, the cost represents the total cost of

the joint, including two tie plates for each of the joints in question. Ex-

ceptions to this are the Plain No. 6 joint with the Zollinger tie plate,

Study No. 3-A, with the 70-in. plate, and HoUinger tie plate of same

thickness as No. 3-A plate and No. 8 Plain bar, heat treated. We do

not feel that it is fair to include the cost or efficiency of these joints in

the comparison for the reason that the cost covers a tie plate for four

ties rather than two, and has anti-creeping features in combination with

four ties, and also, in the case of the Zollinger design, the proper efficiency

comes into play only after the spikes and the slots of the plate and bars

are in actual contact. In this comparison of the four-hole joints of the

different types, it is onlj^ proper to keep separate the joints which have

anti-creeping features from the others.

50. If efficiency, as determined by this method of laboratory testing,

will be borne out in service, the review of the figures for the various

bars, heat treated and untreated, will express what is commercially the

best which can be obtained for the service. In the imtreated bars in the

first group, Table 11, it is seen that the Continuous bar has the highest

efficiency and costs $2.16. This bar, when compared with the Plain No. 8

bar, heat treated, in the second group, at $1.69 with tie plate, is not as

good a proposition as regards cost, although the efficiency is slightly bet-
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ter, and it would seem that if an efficiency oi joint, as now obtained from

our best splice bars is all that is desired, the heat treated Plain No. 8 bar

would be satisfactory.

51. If further improvement in the joints is desired, a resort to

heat treatment seems to be the best method available, considering both

strength and cost. A study of the second group of bars, all of which

were heat treated, indicates that the best results were obtained from bars.

Study No. 3-A, with 30-in. plate, and the Bonzano, No. 8-B bars, as

already mentioned; however, the Bonzano joint was heat treated to a

greater hardness than the rail and, therefore, its efficiency for equal

treatment would probably be slightly less than that of the Continuous

bars. The Bonzano and Continuous bars, heat treated, are the highest

in price. They have an efficiency greater than bars. Study No. S-A,

which equal the efficiency of the rail, and the Plain No. 8 bars, but they

are not as high as bars, Study No. 3-A, with the 30-in. anti-creeping

plate. For $2.06, as compared with $2.35, a bar of higher efficiency than

cither the Bonzano or Continuous can be obtained. This gives a two-tie

joint with anti-creeping features, the same as the Continuous or Bonzano

bars. Study No. 5-A bars, with an efficiency equal to that of the rail, can

be purchased at a lower price, namely, $1.44, than the Plain No. 8 bars,

which cost $1.69. Therefore, for a joint which shall be as strong as the

rail and have anti-creeping features. Study No. 3-A bars may be used

and when anti-creeping features are not desired. Study No. 5-A bars can

be used. In the third group in Table 11, which shows the design incor-

porating the feature of tying four ties together to provide for anti-creep-

ing, is shown the cost and efficiency of Study No. 3-A, Zollinger tie plate

of the same thickness as the plate used in Study No. 3-A, with the Plain

No. 8 heat-treated bars, and the Zollinger tie plate without the Plain

No. 8 bars, untreated. Here again it is shown that Study No. 3-A bars

can be purchased for slightly less money than the same plate with the

Plain No. 8 heat-treated bars, the cost being $3.31, as compared with $3.51.

The present design of Zollinger tie plate with heat-treated Plain No. 8

bars can be purchased for $2.81. These bars, however, have a very much
lower efficiency than Study No. 3-A bars with the 70-in. plate, being only

one-fourth as strong. Where the anti-creeping feature and the tying of

tour ties together is essential, it would seem, therefore, that Study No. 3-A

bars are well worthy of consideration.

52. An outline of specifications for hcat-trcatcd medium carbon and

alloy steel track bolts is appended, and included in this appendix are

photographs of various designs of tie plates and joints which bear directly

upon this investigation and which will no doubt be of interest as illustrat-

ing what existed in the art prior to the present patent time limitation.

The sources of these photographs are shown at the bottom of each of

the sheets.

[The specifications and illustrations referred to in tlii'? paragraph are

not reproduced in the present paper.]



Rail. 589

53. If any heat-treated bars are to be used, they should be purchased

under specfications and inspection which will insure that the treatment

has produced in the bar the properties which are essential, in order to

produce results equal to those found in these tests.

SUMMARY.

54. As indicated in our previous report. No. 15-9, under date of

January 26, 1915, this investigation required a more thorough study in

the laboratory than had been made at that time. The joints tested should

be followed up in service trials, in order to determine if the laboratory

results are borne out in service.

55. It has been found that by heat treating the Plain No. 8 bars,

and at a very much lower cost, it has an efficiency almost equal to the

Continuous and slightly better than the Bonzano bars, untreated. There-

fore, if the present efficiency of the Continuous and Bonzano joints is

satisfactory, by heat treating our Plain No. 8 bars results comparable

with these joints can be obtained at a lower cost.

56. If a joint equal in efficiency to the rail itself is desired, this can

be obtained by heat treating the Continuous or Bonzano joints, but at a

much lower cost a design of Plain bar (see Studies Nos. 4, 5 and 5-A)

can be used which will give the efficiency of the rail.

57. The Plain bar, heat treated (Study No. 5-A), shows a strength,

at the elastic limit, equal to that of the rail itself, and can be purchased

at a price lower than our present No. 8 Plain bars, which have a strength

of about one-third of the rail (see Par. 31 and 50). If this bar is placed

in the track it should be used with heat-treated bolts only, as, being

shorter, it may require greater strength of bolt than the present No. 8

Plain bars. It has the objectionable feature of requiring a different drill-

ing for the outside bolt holes in the splice bar and a special tie plate if

it is necessary to spike the rail to the tie at the joint. The spiking of

the rail at the joint, however, only comes at those places where the joint

happens to be over a tie, as this design does not carry with it the neces-

sity of tie spacing, due to the joint being equal to the strength of the

rail. Where it is necessary to prevent rail creeping at the joint. Study
No. 3-A bars may be used, thus obtaining the highest efficiency, and at

a cost lower than for other joints of this type.
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QUICK BEND TEST FOR RAIL.

By W. C. Gushing, for Sub-Committee on Quick Bend Test.

VV. C. CusHixG, CJwirman; F. S. Stevens,

G. M. Davidson, F. M. Waring,

J. R. Onderdonk, M. H. Wickhorst,

Sub-Committee.

In this communication I propose to furnish a brief description of the

quick bend machine and a statement of the final results reached by Mr.

Waring from the mass of data taken by the Altoona Laboratory with

the quick bend test machine of the Pennsylvania Railroad in comparison

with the regular drop test work when inspecting rails for the Pennsyl-

vania Railroad System. These results are, of course, preliminary and

subject to modification from time to time in the light of additional data.

This cannot be considered as a report of conclusions of the Sub-

Committee, but can be considered as a report of information furnished by

the Sub-Committee for inclusion in the general report of the Rail Com-
mittee.

DESCRIPTION OF MACHINE.

Quick Bend Test MacTiine.

The machine consists of a hydraulic press and intensifier, the design

and operation of which were made to conform to specifications outlined

under the supervision of Mr. J. T. Wallis, General Superintendent, Mo-
tive Power, Lines Fast of Pittslnirgh, Pennsylvania Railroad.

Press.

The press is of the four-column inverted type having a clear distance

of 3'4"x 12" between columns. The main ram, 16" diameter x 12" stroke,

is cast solid with the moving platen, which is guided on the four columns.

The twin pull back rams, 6 inches in diameter, are symmetrically located

at the sides of the main ram, and are connected with the moving platen

by 1^-inch rods. The over-all dimensions of the press are 5'6"x3'l"
base X S'lly^" height. The maximum clearance between the moving

Rail Report 76, December, 1918.
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Fig. 1—General Arrangement of Quick Bend Test Machine.
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platen and base of the press is 2* 2". The total weight complete with the

loading head and two supports is approximately 22,000 lbs. (See Fig. 1.)

Intensifier.

The over-all dimensions of the intensifier are 2'H"x2'U" base x
9* 6j4" height, and is of the single pressure type with a total weight of

approximately 11,000 lbs. The ram which extends from the high-pressure

Fig. 2

—

Quick Bend Test Machine Showing Safety Guards.
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cylinder to the base-pressure cylinder is integral with the base-pressure

piston, and has a total stroke of 36 inches. The diameters of the ram and

base-pressure piston are, respectively, 9 inches and 26 inches, which give a

step-up ratio of about 8.35 to 1. The high-pressure intensifier cylinder

is directly connected with the press-ram cylinder through a 2-inch extra

heavy pipe provided with a 2-inch check and stop valve.

Fig. 3

—

Quick Bend Test Machine Showing Rail in Position »or Test.
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Operation.

The operation of the machine is controlled by a bronze three-way

valve, having balanced exhaust. By admitting 450 lbs. per square inch line

pressure to the base cylinder of the intensifier, the pressure in the high-

pressure cylinder thereof, and, consequently, in the ram cylinder of the

LOAD' DEFLECTION CURVE
OF

IdO POUND RAIL

ULT. LOAD
•396 79Z les.

EFFE.CTI{/£i
PRE^^UFtE.
LINE.

DEFLECTION IN INCHED
Fig. -1

—

Indicator Card Reproduced Showing Calculations.

Fig. 5

—

View of Car in Which Quick Bend Test Machine is Housed.
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press, is raised to approximately 3,760 lbs. per square inch, developing

a total capacity in the press of about 756,000 lbs. (378 tons). The 36-inch

stroke of the intensifier ram actuates the entire 12-inch travel of the main

ram by intensified pressure alone, thus assuring a smooth, continuous

curve on the indicator card.

The machine was accurately calibrated in order to ascertain its actual

effective working pressure.

The machine is so designed that no more than 60 per cent, of its

total capacity is necessary for the maximum test requirements in order

to prevent all undue strain and wear on the parts.

Safety guards are arranged around the machine, as shown in Fig. 2,

to prevent the broken pieces from flying when the rail specimens rupture

under tests.

indicating Apparatus.

A hydraulic indicator is used for registering the pressure required

for a relative deflection of the specimen, the indicator being in direct

communication through a J^-inch pipe with the main ram chamber, the

movement of the indicator drum being actuated by the stroke of the

main ram. A general arrangement of the indicating apparatus is shown

in Fig. 3.

The rail test specimen, properly marked, is placed on the supports

of the press and pressure is applied, through the leading head on the ram,

at the center of the rail until rupture of the specimen occurs. During this

action, which requires approximately seven seconds, an indicator card

showing increments of deflection and corresponding pressure is taken.

An accurate reproduction of such a card is shown in Fig. 4, the abscissae

of the curve indicate deflections, whereas the ordinates obtained in each

case represent the load in thousands of pounds.

The elements taken from the card are the deflection and load at the

elastic limit and the ultimate strength. The work required to fracture

the specimen is also obtained from the card.

It is obvious that the complete ranges of elasticity and ductility of

the specimen are graphically represented on the card thus produced, which

provides a means of making a precise study of the physical properties

of the material in the rail.

The Car,

The machine is installed in a modified class X-25 car. Fig. 5 shows

an outside view of the car, which is equipped for passenger train service.

ADDITIONAL DATA BY QUICK BEND TEST.
Position of Rail.

After tests made with both the base down and the head down, it has

been found, definitely and positively, that more uniform indicator cards

are secured by having the head of the test piece down, and also, in nearly

every case, a straight fracture at the center was obtained, whereas in the

head-up tests it was frequently found that the rail would break into three
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or more pieces ; a head-down fracture being illustrated in Fig. 6, fracture

No. 1, while a head-up fracture is illustrated by No. 2 of the same figure.

Elastic Limit.

The elastic limit of a rail is undoubtedly of primary importance in

the determination of its wearing qualities and stiffness. In order to

study the elastic properties of the rails a series of tests was conducted

on increasing spans with the load applied at the center, to ascertain what
effect the length of span had on the elastic limit load of the rail. The
tests were conducted on four rails, two from one ingot, and two from

ftsoture lio.l Fraotuie Ho. 2

Fracture Mo.

3

Fracture Ho.

4

^ r TZZJ

Fraotwe No.

5

Fraottire No.

6

Fig. 6

—

Types of Fractures in Quick Bend Test.

another. Eight specimens were cut from each of the two rails taken

from the same ingot, the one set being tested with the base down, whereas

the other set was tested with the head down, and the elastic limit loads

obtained on the increasing spans are plotted in Fig. 7 for the rails rolled

from one ingot. One sheet only is furnished, as it is considered typical

for the rest. The dotted lines represent the mean curve through the

respective plotted points, while the full line indicates the theoretical curve,

which was determined as follows

:

The unit stress was determined for each point along the curve, that is,

Elastic limit load X Span ^ g^^^j^^ Modulus = Unit Stress in
^ extreme fiber.



598 Rail.

Fig. 7

—

Elastic Limit as Related to Span of Supports.
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These stresses were determined from the test results, then averaged and

the average stress was then employed in determining what loads would

be required on the respective spans in order to produce the calculated

average stress ; in other words, the theoretical elastic limit load

4 X Section Modulus X Average Unit Stress

P=
Span

It will be noted in Fig. 7 that the curve for the head-down tests

follows the respective theoretical curves much closer than does the curve

for the base-down tests. The curve further indicates that with the same

homogeneous steel (free from segregation and other defects) in all the

test specimens we would expect approximately the same unit stress in

the extreme fiber at the elastic limit load, irrespective of the span ; in

other words, for a given span there would be a commensurable elastic

limit load, and the curve would be hyperbolic.

It will also be noted that in the base-down curve the theoretical curve

falls below the mean curve of tests at the smaller spans, and at the

larger spans it is higher than the mean curve of tests. These deviations

of the mean curve from the theoretical curve may be due to the fact

that on the shorter spans ihe vertical shear stresses ar^ high and there

is less of a bending action than on the longer spans.

Elongation.

It has been generally considered that the elongation of a material

under stress is a direct measure of its ductility. The mean curves ob-

tained by plotting the results of elongations against the corresponding

deflections at ultimate loads of the quick bend test results obtained

from the rails of each mill are illustrated by Fig. 8. The relation which

exists between these two characteristics is direct. It will be noted that

the curves on all sheets have approximately the same slope. We w^ould,

therefore, expect that for a given elongation of the material in the-^^ail

there would be a corresponding deflection. It follows, then, that the

deilection at the ultimate load, as well as the elongation, is an indication

of the ductility of the material.

Work Done in Fracturing Specimens.

The mean curves resulting from plotting the results of work'~donc

in fracturing the specimens against the corresponding deflection at ulti-

mate load for all tests of the first, middle and last rollings of each mill,

are illustrated in Fig. 9. It will be observed that the deflection is in a

general way a function of the work done in fracturing the rail specimens.

As the work done in fracturing the specimens very likely is an indication

of the capacity of the rail to resist shock, it is probable that the deflection

of the rail at ultimate load is also, to a more or less degree, a measure

of this property of the rail.

Elastic Limit Load and Deflection at Ultimate.

Since it is apparently desirable to secure a certain minimum elastic

limit load, together with a certain amount of ductility, which is desired
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Pennsylvania Railroad company

SN«r Nea311&-

Wmt Jbubt a emAiaouB IUiuuas OqMruiT

TEST DEPARTMCNT Repokt No..

Balla . Hnrn#r<f»B of teoj and Qulat. fltnd Teat Raault Bi Ab-rooNA. Pa.4«29»191B.

130 lb», P.3.3eotlOB.

Fig. 8

—

Deflection of Rail as Related to Elongation.
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M.P. 4nD

Pennsylvania Railroad Company

Sheet No.i311ft.. TEST DEPARTMENT

Ralla » Compart «on of Drop and Qulelt Bend Teat Results.

130 Lbs. P.S.Seotlon Hall.

Repout No.,

ALTDONA. PA.i=2S-l?W.

Fig. 9

—

Deflection of Rail as Related to Work Done.
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Fig. 10

—

Deflection of Rail as Related to Elastic Limit.
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to avoid brittleness in the rail, it was decided that perhaps the best com-

parison between different rail steels could be made by considering them

on the basis of these two properties, at least for the present, until the

opportunity is afforded for a closer study of the data. Numerous sheets

like Fig. 10 have been prepared to show respectively the results obtained

from the tests of the rails of the different mills of the first, middle and

last rolling, and zones have been drawn to include the majority of the

test results for each of the mills shown, the shape of the zone being based

as closely as practicable on the density of the points within the area.

The results in each case were quite variable, that is, did not show a direct

Fig. 11

—

Indicator Cards from Some Rejected Rails.

A IS Original and B is After Annealing.

relation in all cases between the elastic limit load and the deflection at

ultimate, therefore it did not seem advisable to draw curves, but rather

to indicate the variability of these properties by the area of the different

zones. The principal differences brought out on these plots are as fol-

lows :

(a) There was a number of tests which gave points above all of the

zones, and these high elastic limit points were always accompanied with

low ductility, that is, small deflection at ultimate.

(b) The head-down tests made on the specimens representing roll-

ings from three different mills, indicate certain characteristics which.
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when compared on the basis of elastic limit and deflection at ultimate

load, show well-defined diflferences between the rails from the different

mills.

(c) It was brought out in the previous report (Proceedings, Volume

18, 1917, page 1081) that the elastic limit load of a rail is of primary im-

portance in the determination of its stiffness and its wearing qualities.

The indicator cards of the quick bend tests give an accurate record of

the transverse elasticity of the steel, which information cannot be ob-

tained in any manner from the drop test. A record is also obtained on

the full ductility of the metal as shown by its deflection under the load

up to the point of final break.

Indicator Cards.

Fig. 11 is supplied for information and is the reproduction of two

cards obtained from rail specimens of the same heat. This heat was

entirely thrown out, due to the fact that the test rails, a, b, etc., from

first, middle and last ingots, all indicated brittle characteristics under

the drop test, and when subjected to the quick bend test, produced

stumpy cards similar to card "A" shown at the top of the photograph,

which indicates brittleness. A specimen rail from one of these rejected

ingots was annealed and then broken by the quick bend test. The card

"B," shown at the bottom of the photograph, was obtained from this an-

nealed specimen. Although the elastic limit load was about 15 per cent,

lower than the original specimen, the work in thousands of inch-pounds

to break the rail was approximately 330 per cent, greater. This merely

shows how brittleness may be overcome by annealing.
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REPORT ON TRANSVERSE FISSURES.

By Dr. P. H. Dudley, for Sub-Committee on Transverse Fissures.

I have the pleasure to submit my report on Interior Transverse Fis-

sures.

Government investigators class them as fatigue fractures of metal

while the railroad officials have facts from their service records of rails

ivhich prove that they Ore not fatigue fractures of metal.

The Government investigators do not explain the origin, time and place

of occurrence of the nuclei, nor the variation in size from '^ to fi of an

inch in diameter of the type of interior transverse fissures classified by me
as intergranular. All fractures of this type show nuclei of considerable

area, and that they are not points. These areas constituting the nuclei,

rupture as a unit and not in detail, showing positively and conclusively

that fracture was caused by the application of a rapidly applied blow of a

pressure beyond the elastic limit, or even ultimate strength of this interior

core of inferior metal.

(The argument has been advanced that cast iron wheels with long

fiat spots could furnish this required blow for checking the nucleus, which

is not the case. The effect of this type of blow is to increase the com-

pressive stress in the rail head, while the tensile strains of the base simul-

taneously increase. The fracture of all nuclei of fissures of the inter-

granular type shows them to have been ruptured by tensile stress, and this

is only possible when the rail head is momentarily placed in tension, as

when a low rail from the hot beds is straightened by the gag in the

straightening press.)

The Government investigators conclude that the fracture of the

nucleus and the subsequent development constitutes a fatigue fracture of

metal, but as they occur only in an occasional rail head of like design,

under the same traffic conditions, the railroad officials do not accept this

statement.

There is, however, no difference of opinion between the railroad

officials and the Government investigators about the growth in the track

of the specular surfaces which start from and around the nuclei of

interior transverse fissures.

Rail Report 77, January, 1919.
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A REMEDY IN MANUFACTURE FOR REDUCTION OF
INTERIOR TRANSVERSE FISSURES.

I have mentioned in previous communications to the Rail Committee

that rails rolled from reheated blooms did not develop as many interior

transverse fissures in the track as rails rolled direct from the ingots.

I have collected the service records of eight railroads designated by Nos.

21 to 28 inclusive. (Exhibit A.) These reported 559,644 tons by direct

rolling for the years 1909 to 1915—given in detail per year—and 1054

interior transverse fissures were developed. The railroads also reported

322,593 tons from reheated blooms which developed only 59 interior trans-

verse fissures. The rails were rolled at 11 different mills and are num-
bered from 1 to 10 inclusive, though No.' 4 has a mill designated by No. 4a.

Personally I know some of the early basic open hearth rails were

made under difficulties for reheating the blooms before the mills were reg-

ularly equipped to manufacture this grade of steel into rails, and several

of the interior transverse fissures in the reheated blooms are due to this

irregular mill practice. The carbon content of some rails was also higher

than would be used at the present time in these weights and sections.

The railroad companies are to be congratulated that the Rail Com-
mittee statistics of the service records of rails show at the present time

a remedial method of manufacture of rails which at least reduce the

interior transverse fissures 90 per cent, in the output.

INVESTIGATIONS.

There were more Engineers of Tests engaged in the investigations of

interior transverse fissures in 1918 than in any preceding year. This is

due to so many officials of the railroads who have found from the service

records that some brands of rails in the track had a large number of

failures, while other brands rolled under a different mill practice, did not

have one failure in the same section, and subject to the same wheel loads

and tonnage. The repetition of such records from year to year impresses

the minds of officials, tracing the facts, and they are forced to the con-

clusion that there is something in the manufacture of the rail which con-

tributed to the several interior transverse fissures in one brand and none

in other brands of rails for the same service. This general fact has led

to extensive investigations of the quality of the metal in the interior of

the rail heads.

Those of Mr. F. M. Waring, Engineer of Tests of the Pennsylvania

Railroad, are of so much value that I report them to the Rail Committee

just as he submitted them to his superior officer, and they are appended

to my report as Exhibit B. These partake of the nature of the etching

tests for checks in the interior metal of the rail head conducted by Mr.

M. H. Wickhorst, in charge of investigations for the Rail Committee.

They are made by a different method of etching, and are a confirmation

of abnormal metal in the interior of the rail heads which have developed

interior transverse fissures in the track, but not in those rail heads which
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rendered good service. This is valuable and to be expected in a research

made to determine facts.

The investigation of interior transverse fissures in rail heads has been

and will be difficult for most investigators. Each process of manufacture

at the mill must be checked by every known method of research for the

physical properties of the metal are affected and may be ductile or brittle

for the chemical composition, so that some of the usual methods of testing

will show negative results.

Mr. J. B. Young, Chemist and Engineer of Tests, P. & R. Railroad,

also reports finding cracks in several tensile specimens which were made

from new rail ; the specimens were selected at the hot saws before the rails

had been cambered, cooled on the hot beds, or placed in the straightening

presses. Nearly all specimens show only about 2 per cent, ductilitj^ of the

metal in the interior of the rail head, while the photomicrographs indicate

clearly the cracks within the steel. The information and photomicro-

graphs on these tests are given as Exhibit C.

Mr. M. H. Wickhorst has conducted complete investigations on three

melts of steel of different manufacture, in which interior transverse

fissures developed in service. These are given as Reports Nos. 71, 72

and 74.

Mr. Geo. F. Comstock, Metallographist of the Titanium Alloy Man-

ufacturing Co., has completed investigations connecting the nuclei of the

intergranular t>-pe of fissures with high phosphorus streaks in the interior

of the rail heads.

The identification of types and classification which I made have been

published in the proceedings of the American Railway Engineering Asso-

ciation. See Reports to Rail Committee, annual convention, 1915, and

Nos. 59 and 68.

I have also recently conducted extensive tests and surveys on rails by

means of an improved type of magnetic rail tester. The leakage curves

of rails by this testing apparatus furnish a fund of information about the

physical properties in rails and the serious disturbance of the metal in the

heads and bases of rails by the gag of the press to straighten the rails in

the finishing department of the mills.

There is another type of fissure in which the nuclei are shrinkage

cavities and have been found in Bessemer rails made where the ingots

were cast in pits before the converters and laid down upon cars to be

transported to the horizontal reheating furnaces. These are of interest

only as to the cause ; the mill practice of teeming the ingots on cars and

transporting them vertically to the reheating furnaces has been installed

at all mills since the date of making those Bessemer rails. For complete

information see Exhibit D.
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COLD ROLLING AND INDUCED BRITTLENESS OF METAL.

I have written in previous papers about the brittleness of the metal

in rails induced by cold rolling which I wish to illustrate, using Mr. F.

M. Waring's diagram of brittle steel as shown by the Quick Bend Test.

When the rail section was annealed, the toughness of the metal was
restored, as shown by the subsequent diagram. See Exhibit E.

One mill, some years ago when metallographers advocated cold rolling

and finishing, was constructed to hold the rails 40 seconds before the fin-

ishing pass. The rails developed brittleness under the drop, and the 40

seconds was cut to 20. Still some rails were brittle, and the latter time

of holding the bar was eliminated.

One of these cold rolled rails was laid in a yard track at the Grand
Central Station, New York, and broke the first winter. I placed a 54-inch

octagon point spike maul on the web of a piece of 6-inch 100-lb. rail, and

with seven blows of a 20-lb. sledge shattered the rail. A piece about 7 ft.

long was then annealed in a wood fire and it required 334 blows of th*

20-Ib. sledge to drive the point of the spike maul through the web without

any other injury to the rail. The physical properties of the metal were
restored in toughness by its annealed condition without change in its

composition.

Rails by direct rolling are often delayed in some of the passes of the

roll trains and are reduced in temperature which is not restored before

they arrive at the hot beds for cooling. The bar is often reduced from
20 to 30 per cent, per pass before the last one in the finishing train. The
stretching of the interior metal of the rail head is done in a small frac-

tion of a second as the bar is drawn through each roll pass.

I also include a cut of two rails tested under the drop. See Exhibit

F. The metal was brittle the entire length of the upper rail illustrated in

the cut. There were tv/o well developed interior transverse fissures near

the center of the rail head of the intergranular type, and three more of

the same type which had started to develop, one core and a small coal-

escent type, which gives the full history of the type of rail from the hot

beds and the work of the gag to straighten the rail. Ninety-six of the

329 rails tested under the drop for brittle metal in the interior of the rail

head fractured in a similar manner to the one illustrated. The lower rail

illustrated in the cut was brittle only in the vicinity of the coalescent type

interior transverse fissure, while the balance of the rail withstood several

impacts of the falling weight without developing fracture. One hundred
and one of the 329 rails drop tested were of this character. There is an
intermediate type between the two illustrated in which the rail is brittle

for a portion of its length while the balance shows ductile metal. Gen-

erally one-half or more of the rail length shows brittleness and the bal-

ance toughness. One hundred and thirty-two of the 329 rails tested were

of this general type. All tests were made with the head in tension so that

the hardened bearing surface of the rail head was subjected to the great-

est amount of stretch.
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It is evident from the experience in the manufacture of basic open

hearth rails and their service that the chemical composition has more
influence on either the physical property of toughness or brittleness of the

rail heads than is generally appreciated.

(a.) When the chemical composition for the steel is below the

eutectoid, the intended physical property of toughness may be modified in

rolling or in the partial heat treatment of cooling on the hotbeds with the

tendency for an occasional rail to be brittle.

(b.) When the chemical composition for the steel is above the

eutectoid, the control of the intended physical property of toughness is

not retained in rolling or in the partial heat treatment of cooling on the

hot beds, and the metal of several rails are liable to be rendered brittle.

(c.) This is particularly true of rails rolled direct from the ingots.

This is a technic investigation of rail failures which more than justi-

fies the existence of the American Railway Engineering Association.



Exhibit A.

COMPARISON OF RAILS ROLLED DIRECT AND FROM
REHEATED BLOOMS.

Rollings Between 1909 and 1915. Total Tonnage Rolled and Total

Failures Charged Against Each Rolling Up to October 1, 1918.

Table 1

—

Interior Transverse Fissures,

comparison of rails rolled direct and from reheated blooms.

RAILROAD SECTION MILL
DIRECT ROLLED REHEATED BLOOMS

TONNAGE FAILURES TONNAGE FAILURES
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Table 1—Continued.

ROLLED IN 1912

No. 27
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Table 1—Continued.

ROLI^D IN 1916

No. 27
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It is impossible to tell whether these rails were rolled direct or from

reheated blooms, and therefore should be classed as doubtful.

Statistics have not been gathered from all roads nor for all weights

of rail. Ten of the heaviest traffic roads in the country were requested to

furnish data on interior transverse fissures in their section of 100 to 105-lb.

weight. The failures in sections of lesser weight are considerably below

those of the above mentioned sections, and there is also nearly a practical

absence of this type of failure on light traffic roads.



Exhibit B.

INVESTIGATION OF TRANSVERSE FISSURES IN FAILED
RAILS.

Altoona, Pa., September 25, 1918.

Mr. J. T. Wallis,

Genl. Supt. Motive Power.

Dear Sir:

We have been working for some time on investigations of failed

rails, with particular reference to such rails as have failed from trans-

verse fissures. During the past few months we have developed some

information which appears to be sufficiently important to warrant making

a progress report and bringing this to the attention of Mr. A. W. Gibbs,

Chairman of the Pennsylvania Lines Rail Committee, with a view to hav-

ing this committee consider the data and co-operate with us in outlining a

series of further experiments upon new and old rails to obtain further

information.

Briefly, our investigations have developed the existence of interior

defects in the rail head which appear to be more frequent in rails that

have developed transverse fissures than in rails which did not have such

fissures. It appears that these concealed interior defects cannot be de-

tected by the usual methods of investigation and tests, or even by the usual

methods of etching. They have also been found to exist in a new rail

which had not been in track and we believe that the evidence warrants

the tentative opinion that these defects are produced during some process

of manufacture.

Subsequent to your report of November 28, 1917, to Mr. R. Trimble,

giving results of tests on 61 rails rolled by the Illinois Steel Co., from

heat No. 31531, which report was later summarized by Mr. M. H. Wick-

horst. Engineer of Tests, Rail Committee, in report No. 71 to the Ameri-

can Railway Engineering Association, March, 1918, we took some speci-

mens from certain rails in this heat and continued our investigation.

It had been brought out in several previous reports to the American

Railway Engineering Association that slight interior defects having the

appearance of hair cracks have been developed on a section through the

heads of some rails by very careful polishing and etching. We tried this

method, but did not obtain satisfactory results with the most careful pol-

ishing and repolishing and etching with all of the usual etching solutions.

We then decided to change the method and to apply a more drastic

etching process.

Horizontal longitudinal sections were cut from the center of the rail

heads; these were polished in the usual manner and then subjected to

etching in successive solutions of iodine, picric acid, nitric acid and cop-

per ammonium chloride. None of these etching solutions developed any

physical defects. The slabs were then cleaned and subjected to etching for

two hours in a solution of 9 parts of hydrochloric acid, 3 parts sulphuric

614
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acid and one part of water, the solution being kept at a temperature of

approximately 200 degrees F. The developments from this process were

fully marked and unexpected.

Photograph T-10396.

Photograph T-10396 shows the appearance of a slab from the head

of rail No. 38, heat No. 31531, in which both transverse and longitudinal

cracks have been fully developed. This rail had a chemical composition of

C Mn P Si S
.869 at

.787 at M .74 .023 .115 .033

and when broken under the drop test had developed 12 transverse fissures.

Photograph T-10397.

Photograph T-10397 shows the etched slab from rail No. 32, heat No.

31531, which had the following chemical composition:

C Mn P Si S
.855 at

.805 at M .74 .025 .096 .03

and had 10 breaks under drop test, one of the fractures showing an inter-

nal transverse fissure, while the remaining breaks had a pronounced

starring appearance as if the breaks had started from defects in the head.

Photograph T-10398.
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Photograph T-10398 shows the appearance after etching of slab from

rail No. 27, heat No. 31531, which had the following chenlical composition

:

C Mn P Si S
.891 at

.830 at M .73 .03 .098 .036

and which broke into 10 pieces on the drop test without showing any

transverse fissures, but with all of the fractures having a pronounced

starring appearance.

Photograph T-10399.

Photograph T-10399 shows the appearance of the etched slab from

rail No. 29, heat No. 31531, which had a chemical composition as follows:

C Mn P Si S
.808 at O
.873 at M .66 .022 .191 .032

and which had shown excellent ductility under the drop test, the rail

being bent without breaking at any point. In this slab there are none of

the incipient cracks which were developed in the other rails.

A comparison of photographs T-10396, T-10397 and T-10398 show
that the center portion of the respective rails contained defects which

Photograph T-10400.

have been enlarged by the etching process. The number of such defects

decreases with the decrease in the number of transverse fissures which

were developed under the drop test, and with an increase in the ductility

of the steel. Since these rails were all from one heat, of a fairly uniform

chemical composition, and rolled at the same time, and since they were

all subjected to approximately the same amount of service in the track,

it would appear as if these defects found in the rail heads are associated

in some manner with the process of manufacture.
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In order to ascertain whether a new rail that had never been in track

would show the same defects, we made the same etching tests on a piece

of open-hearth P. S. Section 12S-lb. rail of the following chemical com-

position :

C Mn P Si S
.704 at

.680 at M .69 .019 .159 .028 •

Photograph T-10400 shows the appearance of a slab from this rail

after having been subjected to the action of a saturated solution of picric

acid and alcohol. The appearance is very uniform and apparently free

from internal ruptures.

Photograph T-10401.

This same slab was again etched in the "hot hydrochloric-sulphuric

acid solution, and photograph T-10401 shows that a number of internal

transverse and longitudinal defects have been developed to visibility. The
existence of these defects in a new rail points to their having been pro-

duced during manufacture.

An examination of all of these deep etchings brings out the fact that

these small internal transverse ruptures correspond in their location and

appearance with the nuclei of transverse fissures and it is possible that

they may be the original cause of such fissure. The rail in service is sub-

jected to alternate bending stresses and it is obvious that the presence of

any transverse defect in the zone of these stresses would affect the strength

of the rail and that the interruption of the continuity of the metal might

cause the development of internal transverse fissures in detail formation

starting from the edges of the existing defects.

The present investigation has only just been completed and the data

are not conclusive, but indicate that further investigation should be con-

ducted on both new and failed rails whose history is fully known. This

with a view to developing the cause of the concealed defects which have

been shown to exist in new as well as old rails and which apparently

are produced in the steel at some time during the manufacture of the

rail.

This progress report is submitted for the information of the Rail

Committee and their co-operation is requested in outlining the scope for

this investigation.

Yours respectfully,

F. M. Waring, Engineer of Tests.
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Reading, Pa., November 27, 1918.

Mr. F. S. Stevens,

Engineer Maintenance of Way,

Philadelphia & Reading Railroad, Reading, Pa.

Dear Sir:

Referring to the subject of Transverse Fissures, I gathered from a

discussion at the recent meeting of the American Railway Engineering

Association Rail Committee that the Sub-Committee on transverse fis-

sures had conclusive evidence that the fissures result from flaws which

are in the rail before it is placed in the track.

I am sending you herewith some microscopic photographs of cross

section of standard test specimens cut from the center of the head of

our 100-lb. rail. The specimens were taken from a test section cut from

the rail before it had even been on the hot beds ; that is, this rail has

not passed through the cambering machine or through the straightening

presses. The cracks were noticed after the standard test specimen was

fractured in the test machine. These pliotographs are conclusive evidence

that flaws and cracks exist in new rails which have been subjected to no

strains, except those developed in the rolling.

I would suggest that you submit these photographs to the chairman of

the sub-committee on transverse fissures.

Yours truly,

T. B. Young. Chemist.
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Piece A. Unetched.

Piece "A." Unetched. xlOO. Heat, 5X1742, corner of head. Elas-

tic Limit, 78,000 lbs. per sq. in. Ultimate Strength, 136,000 lbs. per sq. in.

Elongation in 2 in., 3.0 per cent. Reduction of Area, 3.5 per cent.



620 Rail

Piece A. Etched.

Piece "A." Etched in 5 per cent. HNO» in alcohol for 20 sec. xlOO.

Heat, 5X1742, corner of head. Elastic Limit, 78,000 lbs. per sq. in. Ulti-

mate Strength, 136,000 lbs. per sq. in. Elongation in 2 in., 3.0 per cent.

Reduction of Area, 3.5 per cent.
,
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^

Piece B. Unetched.

Piece "B." Unetched. xlOO. Heat, 2X1734, center of head Elastic

Limit, 83,700 lbs. per sq. in. Ultimate Strength, 123,500 lbs. per sq. in.

Elongation in 2 in., 2.0 per cent. Reduction of Area, 3.0 per cent.



622 Rail

Piece B. Etched.

Piece "B." Etched in 5 per cent, HNO« in alcohol for 20 sec. xlOO.

Heat, 2X1734, center of head. Elastic Limit, 83,700 lbs. per sq. in. Ulti-

mate Strength, 123,500 lbs. per sq. in. Elongation in 2 in., 2.0 per cent.

Reduction of Area, 3.0 per cent.
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Piece C. Unetched.

Piece "C." Unetched. xlOO. Heat, 4X1739, corner of head. Elastic

Limit, 82,000 lbs. per sq. in. Ultimate Strength, 124,500 lbs. per sq. in.

Elongation in 2 in., 2.0 per cent. Reduction of Area, 2.0 per cent.
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Piece C. Etched.

Piece "C." Etched in 5 per cent. HNO3 in alcohol. xlOO. Heat,

4X1739, corner of head. Elastic Limit, 82,000 lbs. per sq. in. Ultimate

Strength, 124,500 lbs. per sq. in. Elongation in 2 in., 2.0 per cent. Reduc-

tion of Area, 2.0 per cent.
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Piece D. Unetched.

Piece "D." Unetched. xlOO. Heat, 5X1729, center of Head. Elastic

Limit, 76,000 lbs. per sq. in. Ultimate Strength, 144,500 lbs. per sq. in.

Elongation in 2 in., 8.0 per cent. Reduction of Area. 15.5 per cent.
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Piece F. Unetched.

Piece "F." Unetched. xlOO. Heat, 5X1732, center of head. Elastic

Limit, 76,000 lbs. per sq. in. Ultimate Strength, 115,000 lbs. per sq. in

Elongation in 2 in., 1.5 per cent. Reduction of Area, 2.0 per cent.
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Piece F. Etched.

Piece "F." Etched in 5 per cent. HNOs in alcohol for 20 sec. xlOO.

Heat, 5X1732, center of head. Elastic Limit, 76,000 lbs. per sq. in. Ulti-

mate Strength, 115,000 lbs. per sq. in. Elongation in 2 in., 1.5 per cent.

Reduction of Area, 2.0 per cent.



Exhibit D.

INTERIOR TRANSVERSE FISSURES IX BESSEMER RAIL

HEADS.

Bv Dr. p. H. Dudley.

(From New York Central Lines Circular, dated Ma}- 18, 1918.)

The recent contributions to the discussion of interior transverse fis-

sures before the American Institute of Mining Engineers at their 'Febru-

ary, 1918, meeting, were the most extensive and important which have

been made to date. Seven railroad officials and three metallurgists pre-

sented evidence which proved that

:

The primary origin of interior transverse fissures was due to abnormal

conditions of the metal of an occasional rail head incident to manufacture,

and they require from one to twenty years to develop under the present

wheel loads of service.

The contributions show that the abstruse problems of the subject are

understood by several large railroad companies, and the research is

directed to trace the abnormal conditions and injury of the metal in the

interior of the rail head due to manufacture.

The evidence presented proved that interior transverse fissures have

occurred only in a small percentage of the rails in service, therefore, they

cannot be classed under the categor}- of Wohler's "Fatigue Fractures,"

made fifty years ago.

The basic open hearth steel for rails in which most of the interior

transverse fissures have occurred, the ingots were teemed in molds set

upon metal cars and charged into vertical reheating furnaces to equalize

their initial heat of the metal for blooming. The hot and setting ingots

are never in a horizontal position except as they tip from the ingot chariot

into the blooming train. We have not found in the open hearth rails

a minute shrinkage cavity as the nucleus of an interior transverse fissure

due to the setting ingot being laid dowm in a horizontal position. An ingot

after being stripped and on the way to the reheating furnaces might fall

to a horizontal position on the ground, and a trace of shrinkage cavities

might be rolled out into the head, but such an instance would be rare.

The Bessemer ingots prior to 1890 in all American mills were teemed

in the ingot molds set in semi-circular pits before the converters. This

practice was continued in the L. I. & S. Co.'s mill, South Works, until

1902, when it was dismantled.

The ingots were stripped by hand in the pits at this mill and laid

down in a horizontal position on a car to be run by an engine to, and

then charged into a horizontal reheating furnace, but in heating were

rolled over bottom to top once, to equalize the temperature of the metal

for direct blooming and rolling into rails.

The horizontal reheating furnaces about 1897 were replaced by those

of the vertical type and the ingots enlarged. The casting pit before the
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converters, the track and cars upon which the ingots were laid in a hori-

zontal position, were retained until the mill was dismantled.

The mill practice of transporting the setting ingots in a horizontal

position on the car to the. reheating furnace, would permit any shrinkage

cavity to rise to the set columnar structure on the upper side of the ingot.

I rolled over 500,000 tons of Bessemer rails from December i892, to 1902,

and out of that quantity, twenty-four interior transverse fissures have

developed to date, and fifteen show porosity in the head, or traces of cavi-

ties as the nuclei of the fissures, while five rails were of the coales-

cent and four rails of the intergranular type. I made over a million tons

of Bessemer rails in vertical teemed ingots charged into the vertical re-

heating furnaces from 1902 to 1911, and four interior transverse fissures

have developed to date, from two different mills. Three fisisures de-

veloped in the pioneer 5-inch, 80-lb. rail rolled in 1890, in which the man-

FiG. 69.

Specimen L-496-C. 6-inch 100-pound rail head. L. I. & S. Co., South

Works. Bessemer steel. Heat No. 68188 "C" rail. Rolled July, 1897.

Failed May 10, 1915. Nucleus of the interior transverse fissure.—Cavities.

ganese was over one per cent. This makes 32 Bessemer rails out of about

1,500,000 tons which have developed interior transverse fissures to date,

of which there were nearly 1,000,000 tons in the Dudley design of sec-

tions and chemical composition.

These rare failures in the Dudley sections would be from about

2,500,000 Bessemer rails. Fifteen of these had cavities with serrated sur-

faces, visible ingot defects, due to a mill practice with the ingots, which

has been discontinued by the mills, therefore, only of interest to us as to

the cause. The abnormal conditions in the metal on the interior of the

head, which have been found in the seventeen rails, still remain and are

accentuated in the basic open hearth steel rails. This condition can be



Rail 631

overcome, as it is not common to all mills, or to all rollings from any

mill.

I illustrated in my paper before the Mining Engineers, interior trans-

verse fissures in which the nuclei were composed of well developed poly-

hedral crystals and at that time we had found them in nine different melts

of steel. We have broken and split into small pieces one hundred and

thirty-two rails from different melts to date and have found crystals in

twenty-two.

Fig. 70.

Specimen L-451-C. 6-inch 100-pound section. L. I. & S. Co., South

Works. Bessemer steel. Heat No. 26011 "C" rail. Rolled July, 1897.

Failed May 4, 1914. Nucleus of the interior transverse fissure.—Cavities.

Fig. 71.

Specimen L-488-D. 5^-inch 80-pound rail head. L. I. & S. Co., South

Works. Bessemer steel. Heat No. 359090 "B" rail. Rolled February,

1901. Failed March 3, 1915. Nucleus of the interior transverse fissure.

—

Cavities.



632 Rail

Grain growth to polyhedral crystals is the result of too long con-

tinued germinative temperature of manufacture rather than subsequent

wheel loads in the track.

We have, as already reported to the Rail Committee, found delayed

transformations in several rail heads, also cores, and non-ductible metal

in other rail heads.

Fig. 72.

Specimen L-366-B. S^^-inch 80-pound section. L. I. & S. Co., South

Works. Bessemer steel. Heat No. 3718. Rail letter—unknown. Rolled

1901. Failed May 14, 1914. Nucleus of the interior transverse fissure.

—

Cavities.

Fig. 73.

Specimen B-710-B. 6-inch lOOrpound rail head. Bethlehem Steel Co.

Open Hearth Steel. Melt No. 19785. "B" rail. Rolled July, 1909. Failed

August 1, 1916. Nucleus of the interior transverse fissure.—Distinct

polyhedral crystals.
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Delayed transformations in the interior metal of the rail heads were

positively confirmed bj' heating and cooling curves made on small pieces

taken near the interior transverse fissures.

Abnormal physical conditions of metal in the interior of the rail heads

were confirmed by tensile tests, and others are under investigation by

magnetic tests.

Fig. 74.

Same specimen as Fig. 73. The nucleus and crystals enlarged to 20

diameters.

Non-ductile metal in the interior of the rail heads has been confirmed

by drop and tensile tests. Injury to the metal in the interior of the heads

of rails by the gag has been indicated by magnetic tests.

Some one or more of the above conditions are found in rails which

have developed interior transverse fissures in the track, while they are

not found in rails which do not develop the same kind of failures, al-

though doing the same amount of mechanical work to carry the same
passing wheel loads.

Those -who consider that the wheel loads cause the interior trans-

verse fissures in the rail heads have not and can not explain the three
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specific facts for the intergranular type—the difference in flace, time

and appearance of the fractured nucleus from that of the smooth specular

surfaces which enlarge from its circumference, and for the coalescent

type, the longitudinal serrated crack from which the transverse crack or

nucleus develops in service.

Exhibit E.

PiAGRAM A Represents a Rejected Rail as Tested and Diagram B
Represents One from Same Lot After Anneaung.

Exhibit F.
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Appendix J.

REPORT ON EXTENT OF USE OF FRICTIONLESS RAIL
AND RESULTS OBTAINED THEREFROM.

Sub-Committee I.

Your Coramittee was instructed to "Report on the Extent of Use of

Frictionless Rail and Results Obtained Therefrom."

In accordance with those instructions, the Committee submits the

following report

:

(A) Extent of Use.

Your Committee has ascertained that the following steam railroads

are using the Frictionless Rail

:

Railroad. Date. Mill. Section.

Maine Central Aug., 1912 Bethlehem 85-lb.

Boston Elevated Aug., 1912 Bethlehem 85-lb.

Chicago Junction Oct., 1913 Bethlehem 85-lb.

Southern Pacific Oct., 1913 Tennessee 9029
G. H. & S. A Oct., 1913 Tennessee 9029
Arizona & Eastern Oct., 1913 Tennessee 9029
Met. West Side Elev Oct., 1913 85-lb. Comp. Tenn.
Boston Terminal Oct., 1913 Tennessee 9029
C B. & Q Mav, 1914 Illinois 9029
D. L. & W April, 1914 Pennsylvania 304-101-lb. Comp.
A. & V Jan., 1914 Tennessee 9029
C. M. & St. P May, 1914 Illinois 9028
E. J. & E Mav, 1914 Illinois 9028
Illinois Central May, 1914 Illinois 9028
Bingham & Garfield May, 1914 Illinois 9028
Northern Pacific Tune, 1914 Illinois 9028
P. & L. E Aug., 1915 Carnegie 96;5-100-lb. B Comp.
Canadian Pacific May, 1915 Algoma 85-lb. C P R Comp.
N. Y. X. H. & H . ...June, 1915 Lackawraina 932-100-lb. Comp.
Michigan Central .Aug. 1915 Carnegie 96.5-100-lb. B Comp.
St. Louis Terminal June, 1915 Illinois 9039
Chesapeake &: Ohio Sept., 1915 Bethlehem 100-lb. Comp.
N. C. & St. L... Oct.,1915 Illinois 9039
Pennsvlvania Railroad ...Dec, 1915 Pennsylvania 305
Lehigh & New England.. Nov., 1915 Bethlehem 100-lb. Comp.
Miss. River & B. T June, 1916 Illinois 9039
St. L.-S. F. R. R July, 1916 Illinois 9039

The following electric roads have also made installations of the

Frictionless Rail : ,

Mond Nickel Company. Interborough Rapid Transit Co.
New York Municipal Railway. Aurora, Elgin & Chicago Railway.
Connecticut Company Springfield Street Railway.
American Raihvajs Company,

Rail Report 78, February, 1019.
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(B) Results Obtained.

In response to a circular of inquiry, the following replies were re-

ceived, which are self-explanatory

:

Railroad A.

Replying to your letter of November 25th, regarding use of Friction-

less Rail, would advise that we have only used 30 tons of the companion
rail for A. R. A., series B, weight 96.5 lbs. per yard, rolled by Carnegie
Steel Company.

This rail was laid in two six-degree curves at west end of our
Bridge at , , where very little elevation of rails is possible

account of slow speed. It has been necessary heretofore to renew the

high rail every two years, but judging from inspection of a few months
ago, it will be possible, with the use of the Frictionless Rail, to obtain at

least four years' service from the high rail before renewal will be neces-

sary. The Frictionless Rail is still in first-class condition, having been in

service about three years.

We are very well pleased with the results obtained from the Fric-

tionless Rail and would have gone more extensively into its use last sea-

son if it had not been practically impossible to secure small tonnages
of special section from the rolling mills.

Railroad B.

Replying to your inquirj^ of the 25th ult., subject, "Use of Frictionless

Rail."

Ans. Q. 1. The purchased 154 tons of Frictionless Rail,

companion to 90-lb. A. R. A. Type A Rail, in 1914. and 284 tons of the

same section in 1915. This was all Open-Hearth rail, rolled by the Illin-

ois Steel Co. at their Gary Plant. I believe that the rail has all been
worn out and not replaced. The rail was installed on our Lines in

I am asking our General Superintendent to give me some information
or a report which would enable me to reply to your Question 2, and I

will endeavor to have it reach you as quickly as possible, and I hope
before December 31, 1918.

Under date of December 3rd, Mr. wrote you and sent a copy
of his letter to me, about the use of Frictionless Rail.

I have had the question up with our Division Superintendent on
whose division this rail is in service and I have just received his report to

the effect that the Frictionless Rail applied on the — Division, on
curves 6 to 10 degrees, is not lasting as long as the ordinary rail applied

on curves of similar degrees in the same tcrritoiy. It is estimated that

the ordinary rail we have in service in the same district will last approxi-

mately one year longer than the Frictionless Rail. Frictionless Rail is all

in service on our electrically operated territory and it appears that the

heavy motors we are running there mashes down the ball of the rail and
makes it appear wavy. .After it begins to mash down, it sounds bad,

somewhat like a burned or blistered rail which may be caused by loco-

motives slipping. An examination of the rail, however, discloses that it

is in safe condition and that there is plenty of metal left on the ball to

support it. The only trouble being that it looks wavy and rides rough.

Our men do not recommend any more of this rail on this account.

We find that its life is from two to two and a half years.
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Railroad C.

Referring to vour letter of the 25th instant, re use of Frictionless

Rail.

In the Fall of 1915 this Company placed 198 tons of Frictionless Rail
in our tracks for test purposes. This was a companion rail for our
standard 85-lb. rail weighing 86 lbs. per 3'ard, and was rolled by the
Algoma Steel Corporation, at Sault Ste. Marie, Ont.

The first results were excellent, as there was a decided decrease in the
flange wear on the outer rail and our operating people claimed that the
installation permitted the handling of greater tonnage in the territory

affected. Unfortunately the metal proved too soft to mamtain the
required narrow- running surface and flowed and battered badly. This
resulted in partiallj' nullifying the test so that no conclusive opinion could
be formed of the advantages of the Frictionless design.

It is my personal opinion, however, that the design of the Frictionless
Rail is correct for the purpose for which it is intended, and that if the
metal is sufficiently hard to retain its section, very excellent results will

be obtained. The condition of the rail market has so far prevented my
securing the necessary rail to test this opinion, but I hope to do so when
conditions, again rettirn to normal.

. Railroad D.

Referring to \our letter of November 25th in regard to use of Fric-

tionless Rail, wish to advise that w-e had 1058 feet of Frictionless Rail on
4 degree curve near . This was A. R. A. rail rolled by the Illinois

Steel Company and wa? installed June 8th, 1914, and removed July 1st,

1917. The service was entirely satisfactory and we think the test was an
entire success.

However, we find that b\' using on the low side of curves rail taken
from the high side of curves and which is somewhat ctir\e worn, it gives

us about the same results as using the Frictionless Rail on the low side

of the curve.
Railroad E.

VVe have approximately 750 tons of this rail in use weighing 79.6 lbs.

per yard and rolled at South Bethlehem Mill of the Bethlehem Steel Com-
pany. The results obtained have been excellent where the rail has been
hard enough to stand under the unit pressure of the wheel loads on the

narrow head. The first rail of this character which we laid was rolled

as an A. S. C. E. 85-lb. rail and was taken into our shoo and the head
planed down to the section desired by the inventors. These particular

rails were open-hearth, high carbon steel, and an analysis made '^ome

three years ago of one of these rails showed the carbon content slightly

over .80. These rails were installed on the low side of a main line curve,

I think, in December, 1911, and were in constant use until January, 1918,

when that section of track was abandoned as main line on account of
a diversion. Standard section of rail on the inside of this curve had to

be renewed about once in 20 months previous to the installation of the

Frictionless Rail.

In 1912-13-14-15 and 16 w^e had 125 tons of this rail rolled to the
full required section and it was used on some 25 curves through the

Mountains. Also on several curves a short distance cast of and
in the vicinity of and at other points and with somewhat var\-ing

results. It gives most excellent service where it is hard enough, and I

believe we have never had one of these rails break under traffic. Nearly
all of the rail as mentioned above is still in service. The principal features
in favor of this type of rail as I understand the matter is the lessening of
wear on the outside rail and the decreased tendency of the rail to cant
outward, both of \vhich claims seem to be substantiated by our experience
with the rail.
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Railroad F.

Replying to your letter of the 25th ult., this railroad kad 585 tons

of Frictionless Rail, 98-lbs. per yard, as a companion to our standard P. S.

100-lb. rail, rolled by the Pennsylvania Steel Co., Steelton, Pa., in Decem-
ber, 1915. This rail was installed in heavy curves on the eastern slope of

the Mountains between • and , and, at this time, it is

practically all removed from track. We cannot say that it was much
of a success, as the section of rail was too light for our heavy traffic

between these points.

In May, 1918, we had 6lS tons of Frictionless Rail, 125^ lbs. per yard,

as a companion to our standard P. S. 130-lb. section, rolled by the Beth-
lehem Steel Co., at Sparrows Point, Md. Some of this rail is installed

on our Middle Division, between and , on the following
curves: 1°, 1°15', 2°, 2°45', 3°50', 4°, 4°30', and 6°.

Some of this rail is also installed on our Division, between
and , on curves of 2°, 3°, S" and 6".

My opinion is that it is entirely unnecessary to lay Frictionless Rail

on curves under 4°. This rail has been in service too short a time to say
whether the advantages will justify the additional cost.

In my judgment Frictionless Rail is justified for use on curves of 6°

and over under heavy traffic conditions, especially for passenger service.

Frictionless Rail avoids, to a considerable extent, the wearing of the outer
rail on curves, and also furnishes a smoother riding track on heavy curves.

With heavy freight trains, there is undoubtedly some reduction in the

draw-bar pull with Frictionless Rail, as compared with the ordinary
sections.

Railroad G.

Answering yours of November 25th requesting information for use

of the Committee on Rail, in regard to use of Frictionless Rail, beg to

advise as follows

:

(1) We have about 110 tons of 93-lb. open-hearth Frictionless Rail,

rolled by the Lackawanna Steel Company in 1915 and laid as companion
to 100-lb. and 107-lb. rail—^one heat is of 62 per cent, carbon and the other

heat 69 per cent, carbon. This was laid on 6° and 6°20' curve, a short

distance east of — Passenger Station in September, 1915; on a 7"

curve near in July, 1917, and on a 9''30' curve near in

October, 1917.
.

(2) There is no opportunity in these installations for a direct com-
parison of results with Frictionless Rail as compared with standard rail.

The conditions at in the eastbound train movement are ver\'

severe, on account of up-grade and trains being obliged to stop frequently

due to drawbridge conditions, and the test, therefore, could not be con-

sidered entirely fair. The rail in this track was removed July, 1918.

On the westbound track, rail stood up much better, and is still in service.

A direct comparison with what would be the result with standard rail is

not possible at this time. At and the tracks are not yet

completed ; however, the results so far have not proved entirely satisfac-

tory, being much similar to those obtained at . The head of the

Frictionless Rail flows considerably, particularly on the outs'de; the head
becoming mushroomed out to the width of the standard head rail.

In regard to expression of opinion as to the advantages and disad-
vantages, in my opinion Frictionless Rail of the composition and hardness
of that used by this road as above, is not sufficiently hard to prevent the
head from flowing. It would be necessary to make rail of this type of a

much higher grade of materials than that of the rails which we tested

and if this is done, the Frictionless Rail would imdoubtedly prove more
serviceable, and probably have an advantage over the use of two rails of
standard section.
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Railroad H.

This road has one hundred tons of 90-lb. Frictionless Rail rolled by
the Illinois Steel Company in the summer of 1914. The rail was laid in

October, 1914, between Mile Posts Nos. 62 and 65, on various curves
ranging from 4° to 12°, on a 2.2 per cent, grade.

The Frictionless Rail has now been in service four years and from
recent inspection its condition would indicate that it is good for about
two years more. The standard rail in these same locations lasted three

years.

Our recoi'ds would indicate that there is considerable less wear on
the rails where the Frictionless section is used, but as yet we have not
determined how much saving there maj^ be, if any, over our established

practice of changing worn rail from the high side to the low side.

Railroad I.

In reply to your letter of the 25th ult., relative to the use of Friction-

less Rail, 1 beg to advise that we have about 20 tons of Barbey's Fric-

tionless Rail on two curves on our Branch, which is a companion
rail for 90-lb. A. S. C. E. rail. This rail was rolled in August, 1915,

by the Bethlehem Steel Company and was placed in our track in Decem-
ber, 1915.

I also hand you a copy of my letter of November 22iid, 1917, and beg
to advise that there lias been no change in this rail since that letter was
written. I consider that we have had good results from the rail, but
regret that it was not nf higher carbon.

Referring further to your circular letter of August 3rd and my reply

of August 14th.

I enclose herewith data of typical curve of which we have Barbey's
Frictionless Rail on the low side. In addition to this I beg to advise that

we have a ten-degree curve on a practically level grade laid with this

Frictionless Rail.

I enclose a blueprint showing the rail sections taken as indicated

by the dates shown thereon.

The Frictionless Rail as laid is not a companion rail to ihe ASCF
90-11).. l)Ut I believe it is a companion rail to lOO-lb. ARA-B and you will

notice are low carbon, but we were anxious to try them out, and taking
everything into consideration, the results lead me to believe that a rail

of this t}]) ' from .70 to .73 carbon would give excellent results. In the

operation of our road we double the grade, at the foot of which is located
this curve ; since the installation of the Frictionless Rail w^e have been
enabled to pull a tonnage train several hundred feet further before cut-
ting off and doubling, otherwise I have not seen any financial returns,
unless it would be in the maintenance, but the curve is so short it would
be hard to determine just what that is.

Railroad J.

Replying to your request for statements on the Barbey rail for low
side of curve, I ma}' say that I am acquainted only with the use of this

rail on the , and . The results from its use on these
roads has been of pronounced advantage except in a few cases of soft
melts of steel where flow of metal has occurred to some extent.

The prevention of flange cutting of the high rail is the real office

of this rail and where the conditions are right it has been very effective

in th's service in all the cases with which I am acquainted.

The roads mentioned above will probably make reports of their

experience so that it is not necessary for me to give data for particular
curves, but I can say that the life of rails is generally greatly increased
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and the resistance to traction decreased on curves where these rails are

used. The decrease in train resistance is due of course to the elimination

of the work so commonly done in flange grinding on the high rails and the

length of life follows from the same fact.

The efficiency of the rail depends on the wheels rolling regularly in

the position of least resistance and truly in one position on the rail heads.

If the ties are new at the joints and worn so that the rail is canted more
at centers than at joints the trail of the wheels will wander from side

to side of the rail head and the proper efficiency will not be obtained.

The best results are obtained when the gage is opened from 3/16ths

inch to 5/16ths inch and when the elevation is no greater than is needed
to obtain fair riding at the maximum speed on the particular curve in

question. No superelevation is needed for low speed. Curves of three

degrees and over should be eased by spirals.

The tendenc}^ of manufacturers is to roll these rails from melts of
rather low carbon from fear of rejection by the drop test if the carbon is

a little high. As a matter of fact, these rails will safely stand higher
carbon than standard shapes on account of the better rolling effect on the

narrow head. It may be that a narrow head will suffer more from flow
due to heavy wheel pressure than a wide head, but with equal carlions this

is questionable.

My observations convince me that where the conditions are right

the results following the use of the rails are very pronounced in the two
factors of prolonging the life of the outer rail and in decreasing train

resistance on curves. Much less maintenance work is required also

than with standard shapes. These features bulk large in economy, but of
course ai^e offset in some degree by the bother of odd relays, step

joints, etc.

Railroad K.

We have placed in track 22,400 ft. of Frictionless Rail ; 7,470 ft. of

which was of the section shown on plan 37727 and 14,930 ft. of the section

shown on plan 38878-A, both attached. Both were 90-lb. rail manufac-
tured by the Illinois Steel Company. All of this rail has been removed
from track except that in one curve near , where a total of 1,500 ft.

of Frictionless was laid in October, 1915, and is still in service, but will

have to be changed out next year. All of the rail we moved had de-
veloped excessive flow of metal and on the Hill there were quite a

number of split heads.
My conclusion regarding the merits of this rail are summed up in

a letter of December 7th, 1917, as follows:
"Rail Wear:—All tests indicate that Frictionless used as the low rail

on curves does not give longer service than standard section when
rolled from same quality of steel, but by reducing the friction against the
outer rail does protect that rail materially against abrasion. It is the gen-
eral opinion of the trackmen that outside curve-worn rail will give equal
or better results than Frictionless when used as the low rail. This bears
out the conclusions expressed in a letter written May 3, 1916, as follows

:

"I have thought that curve-worn rail taken from the outside of a

curve, when the rail is considerably worn, and put on the inside would
give the same frictionless results as a rail made especially for that pur-
pose, and would have the further advantage of being hardened on top
by traffic, and would probably not flow or wear as fast as a new rail.

"Tonnage :—Our investigations indicate that a narrow head rail used
on the inside of a curve makes it possible to handle more tonnage with
the same power. Our tests were not precise enough to justify any definite

conclusions as to the percentage of increase that might be expected.
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"Based on the above conclusions it is recommended

:

"First. That so far as is practicable in relaying curves with rail of
the same weight, the high rail be thrown over and used on the inside.

"Second. That when conditions become normal, we consider the
question of re-rolling worn rail into Frictonlcss shapes as is being done
by the American McKenna Process at Joliet.

"Third. That we consider the rolling of a small tonnage of Manga-
nese Frictionlcss or other special steel for such curves as the ,

the 12-dcgree curve at and the and curves on
Hill and for the curves approaching the bridge? at , ,

and . (This last recommendation, however, will be covered by
special report in the near future.)"

On account of the difficulty in obtaining Manganese rail during the
war period, I have not made recommendation referred to in the last par-
agraph above, but will do so in the near future, as I think if possible we
should use Manganese rail at such points.

Railroad L.

Question 1. Quantity of Frictionless Rail in use on the Rail-

road, weight and mill at which rolled.

Answer. Five hundred and two (502) tons of 92-lb. Frictionless Rail
rolled in April, 1914, by the Pennsylvania Steel Company.

Question 2. A statement of the results obtained from the use of
Frictionless Rail ; and an expression of opinion as to the advantages and
distavantages.

Answer. The above tonnage of Frictionless Rail was applied in heavy
curve line eastward track to ,

—
, , and one curve

on the Line at .

The rail laid between and has practically all been removed.
At —

, , the rail is still in service. The conditions in this loca-
tion are not as severe as the conditions between and , and
a much longer life will be obtained from rail in this location.

The rail at was removed in about sixteen months from the
date it was laid. At this location, the slow freight train tonnage is very
heavy and at the same time, a seven-degree curve carries eight inches
of elevation on account of high-speed passenger trains. The rail did not
prove satisfactory at all.

The rail on one curve on the Line has proven satisfactory.

However, this is a light tonnage location with a good number of high-
speed passenger trains. The grade is descending and the super-elevation
being favorable to the rail. The Frictionless Rail at this point has reduced
the wear on the high rail.

The Frictionless Rail on descending grades (75 feet per mile) from
to , has given an average life of three years, as against an

average life of two years on the low side of these curves with our Stand-
ard Open-Hearth Rail. We have had located in connection with the Fric-
tionless Rail on curves in this district Manganese rail, on the high side.

The wear on the high rail has been reduced to a minimum on account of
the Manganese rail installation. The disadvantages of Frictionless Rail,

in our opinion, are as follows

:

(1) The change of gage necessary on account of the reduced size

of the head.

(2) H it becomes necessary to change a Frictionless Rail to a stand-
ard type of rail, a change of gage is necessarj', or vice versa.

(3) The Frictionless Rail has no value as a relaying rail for sidings
or other locations and can only be disposed of from a scrap standpoint,
on account of its head and the condition of the rail after being removed
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from service locations. Therefore, the average life of three years, as
obtained in connection with our line, will be the maximum life of the rail.

With the standard rail installation on curved line, the high rail will aver-
age a life of two years and after this period can be changed to the low
side of the curve and used as a Frictionless Rail; while the low rail can be
placed in the high rail location, thereby securing two years additional life.

It is undoubtedly a fact that the Frictionless Rail saves curve wear on
the high rail ; furthermore, we are willing to admit that the rail which we
received was somewhat soft and flowed very readily under the heavy
wheel loads. It must be remembered, however, that we cannot take a
chance with Frictionless Rail rolled with excessive high carbon. The head
is very small, and, by so domg, we would undoubtedly experience trouble
from broken rails. It is our opinion that Frictionless Rail will do good
work where it is laid in track used exclusively for high-speed passenger
service, or where all trains are operated at a reasonably high speed. It

does not give satisfactory service where a reasonably high elevation must
be maintained for fast trains ; while at the same time a heavy tonnage of

slow freights are also handled over the track.

Railroad M.

(1) In August, 1915, this Company purchased from the Illinois

Steel Company about forty-five (45) tons of Frictionless companion to

90-lb. A. R. A. Type "A" rails.

(2) These rails were laid in six (6) degree curves on two per cent,

grades. New standard section rails were laid opposite the Frictionless

Rails. Other curves of same degree and in same locality were laid about
the same time with new standard rails, both inside and outside.

The rails covered by these experiments have been closely measured
at different times, and we find that there is practionally no difference in

the wear of rails opposite the Frictionless Rails and those on the outside

of curves opposite standard rails. The Frictionless Rails themselves,

however, were soft and the metal mashed down. We do not, therefore,

expect any appreciable results on the frictionless part of the curves, for

the reason that the Frictionless Rails in their flattened condition present
practically as much tread surface bearing to wheels as on the standard
rails.

Railroad N.

We purchased 1,500 tons of this rail, 90-lb. A. R. A. Series ''A" sec-

tion, which was rolled by the Tennessee Coal, Iron & Railroad Company,
in 1913, and was distributed over the various lines of our system, and
installed mostly in the year 1914.

The Company placed Frictionless Rail on curves varying from
6 degrees to 10 degrees on its various mountain divisions, where grade is

heavy, and owing to single track, the speed variable. Trouble was expe-

rienced with "flow of metal," or. as the local men put it, "frazzled" con-

dition. All of the Frictionless Rail on the — was condemned and
ordered out of track toward the end of 1917, showing an average life of

somewhat less than three years, against an average life of four or more
years for standard 90-lb. section, in the same territory.

The results on the Lines enforce similar conclusions. Here the

traffic is lighter and the life of the Frictionless Rail, on some of the

curves, has been about 4 to 6 years against approximately 6 years for

standard rails. The experiment on these lines is not as j'et complete, as

th^y have not been condemned, as in the case of the System.

Reports of our Division Officers failed to indicate any advantages

derived from the use of this rail on the Lines, except snme mn-
flicting opinion regarding reduced cost of maintenance.
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Railroad O.

I kave not complete information to give on the subject at the present
moment, but, in order to meet your requirement of replying at an early

date, I beg to advise that our operating people, such as the Superintendfent

and the Roadmaster, are not well impressed with this rail after having
seen it in service on our curved track near , on the Eastern Division,

for the past two years. We are taking out a great deal of it at the present
time on account of the fact that it is so badly mashed and worn that it

must be removed. Ordinary A. S. C. E. Section 85 and 90-lb rail, which
was in on this track prior to the use of the Frictionless Rail, bad an
average life of four or five years. Our operating people have not found
it possible to haul any greater tonnage over these curves with the Fric-

tionless Rail than with the ordinary section. This is 90-lb. Frictionless

Rail, and is the same rail mentioned in a report made under date of June
25, 1917, in connection with it. It is Section 9039, Illinois Steel Company,
Open-Hearth rail, purchased in accordance with A. R. E. A. Specifications

of March 17, 1915. There were 422 gross tons ordered February 29, 1916,

which is the rail in question. It was placed on 6, 8 and 10-degree curves.

From the rather meager data at hand it is my opinion that there is no
advantage to this rail, as I do not believe it will result in hauling any
more tonnage around the curves, and it appears to wear out more rapidly

than ordinary section rail.

I will give you a more complete report at a later date.

Railroad P.

We laid in the summer of 1916, 50 tons of Frictionless Rail, 90-lb., on
the inside of six 8° curves on a hill averaging 1.6 per cent, grade. This
hill, which is about two and one-half miles long, including three other
8° curves and a number not so sharp, were laid with A. R. A.-A. 90-lb.

rail at the same time.

The traffic on this hill is six passenger trains averaging about four
coaches each, about one-third of the cars steel, drawn by a modem Pacific

type passenger engine of about 30,000 lbs. tractive power, and four pas-

senger trains, two wooden coaches each, drawn by light American type,

eight-wheel passenger engine, cylinder 18+2-1—speed, twenty to thirty-five

miles per hour—passenger trains all daily. The freight traffic consists of
approximately twelve freight trains daily, except Sunday, gross tonnage,
exclusive of engine and caboose, probably averages 500 tons per train.

Engines about equally divided between 60-ton and 95-ton consolidation,

exclusive of tenders, which weigh 50 to 60 tons each. Speed of freight

trains six to twenty miles per hour. Going up hill speed is slow, probably
average eight miles per hour, so there is but little thrust on outside rail,

but pretty heavy weight on inside rail.

AH of the rail, both Standard and Frictionless, is standing up well,

none showing any sign of mashing or other defects. The Frictionless is

fringing just a little in places, not enough to offer criticism. It naturally

must fringe some with heavy slow moving freight trains. The traffic

is lead ore and coal principally—cars loaded to the limit.

The rail has not been laid long enough to judge intelligently whether
or not the Frictionless type is worth while. So far, practically no differ-

ence in wear can be seen between the Standard and narrow-head rail.

One of the claims most strongly advanced bj' the Frictionless people is

that it prevents the cutting by flange of the outside rail. On this road,

with comparatively light passenger traffic, though a speed of thirty-five

miles per hour is about as fast as a train should run around an 8" curve,

I have my doubts, owing to the slow moving freight trains, if the extra
cost of the rail and increased labor is worth the difference. Perhaps on
high speed lines, if it is true that the narrow head tends to lessen the wear
of the outside rail, it may be of more advantage than the indications are

that it will be here.
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Frictionless Rail Data—Received in Reply to Questionnaire of August 3, 1917,

Road No.

Total tonnage Frictionless Rail

Typical Curve Data

Grade

Superelevation

Locomotives:
Pacific—Wgt. on drivers, Rgd. wh. base
10 Wheel—Wgt. on drivers, Rgd. wh. base. . .

.

Consolidation—Wgt. on drivers, Rgd. wh
base

Mikado—Wet. on drivers, Rgd. wh. base
Santa Fe—Wgt. on drivers, Rgd. wh. base
Mallet—Wgt. on drivers, Rgd. wh. base . . .

.

Ave. Speed—Passenger

(1)

282.5

1550' 2° D. Trlv.

0.2% Adverse

(2)

315

1627' 3° to .5°18' S. Trk.

(3)

15.7

10.58' 4° D. Trk.

.09%

2'

218,300tb 16'-6" 239,900tb
301,8001b

233,5001b 16'-

Ave. Speed—Freight

Tonnage over Frictionless Rail—per Year.

Gage, as laid. Before Frictionless

Gage, as laid. With Frictionless

Cant of rail as laid.

Rail Data:
Before Frictionless—High Rail

.

Before Frictionless—Low Rail . .

With Frictionless—High Rail. .

.

With Frictionless—I..OW Rail. . .

,

Results:
1. Taking lite of high rail, before installation

of frictionless rail as low rail, as 100%, what
in your judgment is the comparative life

of high rail, since installing of frictionless

mate, on this typical curve and on basis of

same tonnage over rails?

None

15 mph.

5,000,000

4'-83^''

i'-m"

None

85tb ASCE, TC&L
1907, C-59-72*

851b ASCE, TC&I,
1907, C-59-72*

901b ARA-A, TC&I,
1914, C-6.3-72t

901b F, ISCo., 1914,

C-64-70t

35 mph

20 mph.

2,746,555

4'-8H"

4'-8H'

lin40

901bARA A,Lack.l910,
C-62-75*

90lb ARA-A, Lack.
1910, C 62-75*

901b ARA-A, Gary,
1914

901b F, Gary, 1914,

C-.73t .

None

10 mph.

• 3,821,550

48H

None

soft ASCE, ISCo.,
1913,C-56ave. *....

801b ASCE, ISCo..
1913,C-56ave. *....

1001b, ISCo., 1915,
C-56ave. *

90H> F, ISCo., 1914,

C-.68ave. •

Same for low rail, taking life of low rail prior

touseof frictionless rail, as 100%?

Eflfect of frictionless rail on
a Wear of high rail.

.

b Wear of low rail . .

.

c Maintenance of line

d Maintenance of gage
e Maintenance of surface. . . .

f Maintenance of Joints, etc.

What % saving in cost of mntce. of curves
do you consider effected by use of Friction-

less Rail?

Remarks:

350%

Reduced 50%.
Reduced 50%,

None
Much easier to maintain
Much easier to maintain

None

Wear on this curve re
duced to equivalent
wear on tangent . .

.

150S

100%

Reduced 50%
None

None
None
None
None

100%

100%

None
None

None
None
None
None

None

*Chemical Composition from specifications.

fChemical Composition from test ladle analysis.

iChemical Composition from analysis of rail.
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Addressed to All Roads Having This Type of Rail in Service.
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Frictionless Rail Data—Received in Reply to Questionnaire of August 3, 19

Road No.

Total tonnage Frictionless Rail

Typical Curve Data

Grade

Superelevation

.

Loconioti\'es:

Paoific—Wet. on drivers, Rgd. wh. base
10 Wheel—Wgt. on drivers, Rgd. wh. base. . . ,

Consolidation—Wgt.on drivers, Rgd.wh.base
Mikado—Wgt. on drivers, Rgd . wh. base
Santa Fe—Wgt. on drivers, Rgd. wh. base

—

Mallet—Wgt. on drivers, Rgd. wh. base

Ave. Speed—Passenger

Ave. Speed—Freight

Tonnage over Frictionless rail—per Year

Gage, as laid. Before Frictionless .

Gage, as laid. With Friotionless

Cant of raiFas laid

Rail Data:
Before Frictionless—High Rail .

.

Before Frictionless—Low Rail

With Frictionless—High Rail

With Frictionless—Low Rail.

Results:
Taking life of high rail, before installation

of frictionless rail as low rail, as 100%, what
in your judgment is the comparative life

of high rail, since installing of frictionless

mate, on this typical curve and on basis of

same tonnage over rails?

Same for low rail, taking life of low rail prior

to use of frictionless rail, as 100%?
Effect of frictionless rail on

a Wear of high rail

b Wear of low rail

c Maintenance of line..

d Maintenance of page
e Maintenance of surface
f Maintenance of Joints, etc

What % saving in cost of Mntce. of curves
do you consider effected by use of Friction-
less rail?

Remarks;

(8)

26

760' 10° D.Trk.

2%

IW

All types used by 22
railroads

15 mph

l.'i mph

\'eiy larjre tonnage

1°30'

lOOlb ASCE

1001b ASCE

1001b A.SCE

lOOlbF

115%

200%

Wears less

Wears less

Less Mntce.
Less Mntce.
liCSS Mntce.
Less Mntce.

Considerable

On steel viaduct

(9)

20

386' 17° S.Trk.

r

208,0001b 16'

12 mph

12 mph

1,500,000

4 '-9"

i'-r

QOlbASCE, Beth., 1913,

C-.6.54t
90tb ASCE, Beth., 1913,

C-.654t
901b ASCE, Beth., 1913,

C-.654t
971bF, Beth., 1915,

C-.626t

150%

150%

Unable to estimate.

Believe frictionless rail

of .70-. 75 carbon
would give excellent

results

(10)

481' Had 261' 4 Tt

Level

3'

40 Ton. Electric
Motor Cara

10 mph

13,000,0CO

4-8»/i

801b ASCE. ISCo
C-.75t

801b ASCE, ISCo.
C-.75t

80tb ASCE, Beth., 1<

C-.75t
79J^F, Beth., 191

C-,852

Not in long enough
make report

•Chemical Composition from specifications.

tChemical Composition from test ladle analysis
tChemical Composition from analysis of rail.
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REPORT OF COMMITTEE XV—ON IRON AND STEEL
STRUCTURES.

O. E. Selby, Chairman; F. E. Turneaure^ Vice-Chairman;

F. AUEYANSEN, ALBERT ReICHMANN,

J. A. BOHLAND, J. W. ReID,

W. S. BouTON, A. F. Robinson^

A. W. Carpenter, H. N. Rodenbaugh,

Charles Chandler, H. B. Seaman,

J. E. Crawford, C. E. Smith,

F. O. DuFOUR, I. F. Stern,

W. R. Edwards, H. B. Stuart,

A. Chas. Irwin, G. E. Tebbetts,

B. R. Leffler, L. F. VanHagan,
W. H. Moore, J. A. L. Waddell,

P. B. Motley, H. T. Welty,

C. D. PuRDON,
'

Counnittce.

To the American Raihvay Engineering Association:

Your Committee on Iron and Steel Structures respectfully submits

its annual report to the Association.

The subjects assigned to the Committee by the Board of Direction

are:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes

:

(a) Revise the General Specifications for Steel Railway Bridges.

(b) Revise the rules and unit stresses for classifying and rating

the capacity of existing bridges.

2. Methods of protection of iron and steel structures against cor-

rosion.

Report upon the use of plastic compounds for the protection of steel

work exposed to the blast action from locomotive stacks.

3. Relative economy of various types of movable bridges.

Revise the Specifications for Movable Bridges and report them for

adoption.

4. Secondary stresses and impact.

(a) Report definite principles for design to reduce secondary
stresses and rules for computing or allowing for them.

(b) Study and draw conclusions from records of impact tests.

(c) Continue impact tests and stress measurements as funds may
be available.

^

5. Report on column tests.

Continue with program of column tests as far as the work of the

Bureau of Standards will permit.

6. Report on design, length and operation of turntables.

(a) Report specifications for the design of turntables and turn-

table pits.

649
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(b) Report specifications for metal for turntable roller and disc

bearings.

7. Report on ballast floor bridges and methods in use for water-

proofing.

Report on principles for detailed design of flashing, drainage and
reinforcement for waterproofing purposes.

8. Report on track scale superstructures, collaborating with Com-
mittee on Yards and Terminals.

COMMITTEE MEETINGS.

Since the 1918 convention the following meetings of the Committee

and Sub-Committees have been held

:

Committee, Chicago, June 11, 1918.

Committee, Cleveland, December 18 and 19, 1918.

Sub-Committee No. 1, Chicago, August 8, 1918.

Sub-Committees 1 and 4 joint, Cincinnati, November 12 and 13,

1918.

Sub-Committees 1 and 4 joint, Philadelphia, December 5 and 6,

1918.

As usual, the subjects assigned to the Committee were assigned to

Sub-Committees, and the reports of the Sub-Committees were considered

at a meeting of the whole Committee.

To Sub-Committee No. 1 was assigned Subject No. 1 (a). Revise

the General Specifications for Steel Railway Bridges, and to Sub-Com-

mittee No. 4 was assigned Subject No. 4, Secondary Stresses and Impact.

The work of this Sub-Committee during the past year has been entirely

in connection with the revision of the specifications so far as it con-

cerned the matters of unit stresses, impact, and secondary stresses. The

two joint meetings of Sub-Committees Nos. 1 and 4, and the meeting

of the Committee at Cleveland were devoted entirely to a detailed dis-

cussion of the revision of the specifications for steel railway bridges.

It will thus be seen that a total of six days of consideration have been

given by substantial representation of the Committee to the revision of

the specifications.

(1) REVISION OF MANUAL,

(a) Revise the General Specifications for Steel Railway Bridges.

The Association's General Specifications for Steel Railway Bridges

were adopted in 1906, and are printed in the Manual, pp. 482 to 505, in-

clusive. The Specifications for Erection were adopted in 1912 and are

printed in the Manual, pp. 508 to 513, inclusive.

The revised specifications (Appendix A to this report) are sub-

mitted by your Committee as a conclusion, to be printed in the Manual

in place of the specifications referred to above.
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(b) Revise the Rules and Unit Stresses for Classifying and Rating

THE Capacity of Existing Bridges.

These rules are given in the Manual, pp. 506 and 507. The Com-
mittee is not ready to report any changes, but expects to be able to report

at the next convention revised rules for rating based upon the live load

diagram used in the specifications and with details of unit stresses, im-

pact, etc. The Committee invites suggestions from the members of the

Association and others on this subject.

(2) METHODS OF PROTECTION OF IRON AND STEEL
STRUCTURES AGAINST CORROSION.

The Committee has under observation some experimental applications

of plastic compounds for the protection of structures of steel and con-

crete exposed to direct action of the blast from locomotive stacks, but

has no report to make to this convention.

(3) RELATIVE ECONOMY OF VARIOUS TYPES OF MOVABLE
BRIDGES.

Specifications for Movable Bridges were submitted to the 1918 con-

vention and printed in the Proceedings, Vol. 19, pp. 814 to 866, inclusive.

The Committee is engaged in a revision of these specifications and expects

to submit them to the 1920 convention for adoption and printing in the

Manual. The Committee invites suggestions and criticisms of these

specifications for movable bridges in order that the revision, when sub-

mitted to the convention, may be as satisfactory as possible.

(4) SECONDARY STRESSES AND IMPACT.

The conclusions of the Committee with reference to secondary

stresses are embodied in the specifications. No experimental work on im-

pact has been done during the past year and none is contemplated. The

conclusions from the experimental work already done have been pre-

sented to the Association from time to time, and the Association has

adopted an impact formula based upon them. The conclusions already

reached have been based upon a large amount of experimental work, and

are not likely to be modified by anj^ further work of that kind which the

Committee might be able to do in the near future. The Sub-Committee on

this subject has been discharged, effective with the presentation of this

report to the convention, and the Committee requests that this subject

be discontinued by the Board of Direction.

(5) REPORT ON COLUAIN TESTS.

On account of war conditions the Committee has been unable to make
any further tests on columns, and the Committee requests the Board of

Direction to continue the subject in order that further study may be made
when the conditions will allow it.
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(6) REPORT ON DESIGN, LENGTH AND OPERATION OF
TURNTABLES.

(a) Report Specifications for the Design of Turntables and Turn-
table Pits.

(b) Report Specifications for Metal for Turntable Roller and Disc

Bearings.

The Committee requests that Subject (a) be continued by the Board'

of Direction, and that Subject (b) be dropped.

(7) REPORT ON BALLAST FLOOR BRIDGES AND METHODS
IN USE FOR WATERPROOFING.

A report on the principles for detailed design of flashing, drainage

and reinforcement for waterproofing purposes is being worked upon by

the Sub-Committee and is expected to be ready to present to the con-

vention with the report of 1920.

(8) REPORT ON TRACK SCALE SUPERSTRUCTURES, COL-

LABORATING WITH COMMITTEE ON YARDS
AND TERMINALS.

In the report of the Committee on Yards and Terminals to the 1918

convention (Proceedings, Vol. 19, p. 323) the Committee on Iron and

Steel Structures was asked to approve the data of scale superstructures

contained in Tables 1 and 2 on pp. 330 and 331 of the Proceedings, Vol. 19.

These tables contain the data for designing and the resultant recom-

mended girder section for weigh-bridge girders and transverse floor

beams for track scales of three different standard sectional capacities.

After conference with the Yards and Terminals Committee and care-

ful study of the sections proposed, the Committee approves the recom-

mended sections.

RECOMMENDATIONS.

The Committee recommends that the following action be taken on its

report

:

1. That the conclusion under Subject No. 1, Revision of the General

Specifications for Steel Railway Bridges, be adopted and the Specifications,

Appendix A, printed in the Manual.

2. That the approval of the sections for track scales, weigh-hridgc

girders, and transverse floor beams recommended by the Committee on

Yards and Terminals be recorded in the Proceedings.

Respectfully submitted.

Committee on Yards and Terminals.



Appendix A.

GENERAL SPECIFICATIONS FOR STEEL RAILWAY
BRIDGES

For Fixed Spans Less Than 300 Feet in Length.

1919

(1) PROPOSALS AND DRAWINGS.

Definitions of Terms.

1. The term "Engineer" refers to the Chief Engineer of the Com-
pany or his subordinates in authority. The term "Inspector" refers to

the inspector or inspectors representing the Company. The term "Com-
pany" refers to the Railway Company or Railroad Company party to the

contract. The term "Contractor" refers to the manufacturing or fabricat-

ing contractor party to the contract. The term "Erector" refers to the

erecting contractor party to the contract.

Proposals.

2. Bidders shall submit proposals to conform with the terms in the

letter of invitation. The proposals preferably shall be based upon plans

and specifications furnished by the Company showing the general dimen-

sions necessary for designing the structure, the stresses and the general

or typical details. Invitations covering work to be erected by the Con-

tractor shall state the general conditions at the site, such as character of

foundations, traffic conditions, etc.

Drawings to Govern.

3. Where the drawings and the specifications differ, the drawings

shall govern.

Patented Devices.

4. The Contractor shall protect the Company against claims on ac-

count of patented devices or parts.

Drawings.

5. After the contract has been awarded and before any shop work
is commenced, the Contractor shall submit to the Engineer for approval

duplicate prints of stress sheets and shop drawings, unless such drawings

shall have been prepared by the Company. The tracings of these draw-

ings shall be the property of and be delivered to the Company after

the completion of the contract. Shop drawings shall be made on the

dull side of the tracing cloth, 24 by 36 inches in size, including margins.

The margin at the left end shall be 1^ inches wide, and the others

J^-inch. The title shall be in the lower right-hand corner. No changes

shall be made on any approved drawing without the consent, in writing,

of the Engineer.

6. The Contractor shall be responsible for the correctness of his

drawings, and for shop fits and field connections, although the drawings

may have been approved by the Engineer.

7. Any material ordered by the Contractor prior to the approval

of the drawings shall be at his risk.

653
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(2) GENERAL FEATURES OF DESIGN.

Materials Used.

8. Structures shall be made wholly of structural steel except where

otherwise specified. Cast steel may be used for shoes and bearings.

Cast iron may be used only where specifically authorized by the Engineer.

Types of Bridges.

9. The dififerent types of bridges may be used as follows:

Rolled beams for spans up to 35 feet.

Plate girders for spans from 30 feet to 125 feet.

Riveted trusses for spans from 100 feet to 300 feet.

Pin-connected trusses for spans from 150 feet to 300 feet.

Number of Trusses.

10. Unless otherwise specified, double-track through bridges shall

have only two trusses or girders, and four-track bridges three.

Dimensions for Calculation.

11. The dimensions for the calculation of stresses shall be as

follows

:

Span Length.

For trusses and girders, the distance center to center of end bearings.

For floor beams, the distance center to center of trusses or girders.

For stringers, the distance center to center of floor beams.

Depth.

For riveted trusses, the distance between centers of gravity of chord

sections.

For pin-connected trusses, the distance center to center of chord pins.

For plate girders, floor beams and stringers, the distance between

centers of gravity of flanges, but not to exceed the distance back to back

of the flange angles.

Spacing of Trusses, Girders and Floorbeams.

12. The width center to center of girders or trusses shall be not

less than one-twentieth of the effective span, and not less than is neces-

sary to prevent overturning imder the assumed lateral loading. Panel

lengths shall not exceed Ij/^ times the width c. to c. of trusses or girders.
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General Features of Design—Loads.

Clearances.

13. If the alinement is straight,

e-o'

b §
'4/^

-^'-o

^̂

/S-O"

7-6" 7-'«5'

k_i^

clearances shall be not less than

shown on the diagram, Fig. 1. If

the alinement is curved, the width

of the diagram shall be increased

so as to provide the same minimum
clearances for a car 80 feet long, 14

feet high and 60 feet center to center

of trucks, allowance being made for

curvature and superelevation of rails.

The height of rail shall be assumed

as 6 inches.

Deck Spans on Curves.

14. Deck spans on curves shall have the center line of the span

placed, usually, so as to bisect the middle ordinate of and be parallel

with the chord of the curve.

Skew Bridges.

15. In skew bridges without ballasted floors, the backwalls for each

track shall be square with the track.

Ambiguity of Stress.

16. Structures shall be designed so as to avoid, as far as practicable,

ambiguity in the determination of the stresses.

Fig. 1.

(3) LOADS.
Loads.

17. The structures shall be proportioned for the following loads

:

a. The dead load.

b. The live load.

c. The lateral load.

Stresses due to these loads, as hereinafter specified, shall be shown
separately on the stress sheets.

18. Members shall be proportioned for that combination of stresses

which gives the maximum total stress, except as otherwise provided.

Dead Load.

19. The dead load shall consist of the estimated weight of the en-

tire suspended structure. Timber shall be assumed to weigh 4^2 pounds

per foot B. M., ballast 120 pounds per cubic foot, reinforced concrete

150 pounds per cubic foot, waterproofing 150 pounds per cubic foot, and

rails and fastenings 150 pounds per linear foot of track. If ballast is

used, it shall be assumed level with the base of rail and the weight of

ties neglected.
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Loads.

Live Load.

20. The minimum live load for each track shall be as shown in

Figs. 2 and 3.

The loading that gives the larger stresses shall be used.

« o
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Loads.

Impact.

28. The dynamic increment of the live load shall be added to the

maximum computed live load stresses and shall be determined by the

formula, 300
I= S , in which

300-]

100

/= impact or dynamic increment to be added to the live-load stress.

S= computed maximum live-load stress.

L = the following values in feet

:

a. For spans, the distance center to center of end bearings.

b. For stringers, the distance center to center of floor beams.

c. For hip verticals and similar suspenders, floor beams, and

transverse girders and their supports, the sum of the

adjacent panel or span lengths.

d. For floors with transverse beams, zero.

29. For bridges designed exclusively for electric locomotives, the

impact stresses shall be taken as one-half of those given by the formula

in paragraph 28.

30. Impact shall not be added to stresses produced by longitudinal

or lateral forces.

Eccentricity of Load on Curves.

31. For bridges on curves, provision shall be made for the increased

load carried by any truss, girder or stringer due to the eccentricity of

the load.

Lateral Forces.

32. The lateral force shall consist of a moving load equal to 30

pounds per square foot on 1^ times the vertical projection of the

structure on a plane parallel with its axis (but never less than 200 pounds

per linear foot at the loaded chord, and 150 pounds per linear foot at

the unloaded chord), and a moving load of 600 pounds per linear foot

applied 8 feet above the base of rail.

33. In calculating the stresses in viaduct towers due to lateral force,

the viaduct shall be considered as loaded on either one or both tracks,

with empty cars weighing 1,200 pounds per linear foot.

34. If a moving load of SO pounds per square foot on 1^4 times

the vertical projection of the unloaded structure on a plane parallel with

its axis produces greater stresses than the lateral force defined in para-

graph 32, it shall be provided for.

35. The bracing between chords or flanges shall be capable of re-

sisting a transverse shear in any panel equal to 2 per cent, of the total

axial stress in the two chords in that panel.

Centrifugal Force.

36. On curves, the centrifugal force (assumed to act 6 feet above
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Loads—Unit Stresses and Proportioning of Parts.

the rail) shall be taken equal to a percentage of the live load according

to the following table:

Degree of Curve
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Unit Stresses and Proportioning of Parts.

Shear in power-driven rivets and pins.. 12,000

Bearing on power-driven rivets, pins,

outstanding legs of stiffner angles,

and other steel parts in contact. .. .24,000

The above mentioned values for shear and bearing shall be re-

duced 25 per cent, for countersunk rivets, hand-driven rivets,

floor-connection rivets, and turned bolts.

Bearing on expansion rollers, per linear inch 600d
d= ihe diameter of rollers in inches.

Pounds per
sq. inch

Bearing on granite masonry 800
Bearing on sandstone and limestone masonry 400
Bearing on concrete masonry 600

40. For cast steel in shoes and bearings, the above mentioned unit

stresses shall apply.

41. The diagonal tension in webs of girders and rolled beams at

sections where maximum shear and bending occur simultaneously, shall

not exceed 16,000 pounds per square inch.

Effective Bearing Area.

42. The effective bearing area of a pin, a bolt or a rivet shall be its

diameter multiplied by the thickness of the piece, except that for counter-

sunk rivets half the depth of the countersink shall be omitted.

Effective Diameter of Rivets.

43. In proportioning rivets, the nominal diameter of the rivet shall

be used.

Reversal of Stress.

44. Members subject to reversal of stress under the passage of the

live load shall be proportioned as follows

:

Determine the resultant tensile stress and the resultant compressive

stress and increase each by 50 per cent, of the smaller; then proportion

the member so that it will be capable of resisting either increased re-

sultant stress. The connections shall be proportioned for the sum of the

resultant stresses.

Stresses in Web iVIembers.

45. In proportioning web members of trusses, use two-thirds of

the dead load stress plus one and one-sixth times the live load stress,

including impact, where this sum is greater than the sum of the deal load

stress and the live load stress, including impact.

Combined Stresses.

46. Members subject to both axial and bending stresses (including

bending due to floor beam deflection) shall be proportioned so that the

combined fiber stresses will not exceed the allowed axial stress. In

members continuous over panel points, only three-fourths of the bend-
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Unit Stresses and Proportioning of Parts—Details of Design.

ing stress computed as for simple beams shall be added to the axial

stress.

47. Members subject to stresses produced by a combination of dead

load, live load, impact and centrifugal force, with either lateral or longi-

tudinal forces, or bending due to lateral action, may be proportioned for

unit stresses 25 per cent, greater than those specified in paragraph 39;

but the section shall not be less than that required for dead load, live

load, impact and centrifugal force.

Secondary Stresses.

48. Designing and detailing shall be done so as to avoid secondary

stresses as far as possible. In ordinary trusses without subpanelling, no

account usually need be taken of the secondary stresses in any member
whose width measured in the plane of the truss is less than one-tenth of

its length. Where this ratio is exceeded, or where subpanelling is

used, secondary stresses due to deflection of the truss shall be com-

puted. The specified unit stresses may be increased one-third for a

combination of the secondary stresses with the axial stresses.

Compression Flanges.

49. The gross area of the compression flanges of plate girders

shall not be less than the gross area of the tension flanges, but the

stress per square inch shall not exceed

/

14,000— 200—, in which
h

I= the length of the unsupported flange, between lateral connections
or knee braces.

b = the flange width.

(5) DETAILS OF DESIGN.

Limiting Lengths of Members.

50. The ratio of length to least radius of gyration shall not exceed

100 for main compression members nor 120 for wind and sway bracing.

51. The lengths of riveted tension members shall not exceed 200

times their least radius of gyration.

Depth Ratios.

52. The depth of trusses preferably shall be not less than one-tenth

of the span. The depth of plate girders preferably shall be not less

than one-twelfth of the span. The depth of rolled beams used as gird-

ers and the depth of solid floors preferably shall be not less than one-

fifteenth of the span.

Parts Accessible.

53. Details shall be designed so that all parts will be accessible

for inspection, cleaning and painting. Closed sections shall be avoided

wherever possible.
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Pockets.

54. Pockets or depressions which would hold water shall have effi-

cient drain holes, or shall be filled with concrete.

Eccentric Connections.

55. Members shall be connected so that their gravity axes will in-

tersect in a point. Eccentric connections shall be avoided if practicable,

but, if unavoidable, the members shall be proportioned to resist the addi-

tional stresses so produced.

Counters.

56. Riveted counters are preferred. If counters are subject to re-

versal of stress, their end connections preferably shall be riveted. Ad-

justable counters shall have open turnbuckles.

Strength of Connections.

57. Connections shall have a strength at least equal to that of the

members connected, regardless of the computed stress. Connections

shall be made, as nearly as practicable, symmetrical about the axis of

the members.

Limiting Thickness of Metal.

58. Metal shall not be less than ^-inch thick, except for fillers.

Metal subject to marked corrosive influences shall be increased in thick-

ness or protected against such influences.

Effective Area of Angles.

59. The effective area of single angles in tension shall be assumed as

the net area of the connected leg plus 50 per cent, of the area of the un-

connected leg. The eflective area of double angle members connected by

both legs shall be assumed as 90 per cent, of the net area of the angles.

Single angles connected by lug angles shall be considered as connected

by one leg.

Sizes of Rivets.

60. Rivets shall be %-inch in diameter unless otherwise specified.

Pitch of Rivets.

61. The minimum distance between centers of rivet holes shall be

three diameters of the rivet, but the distance preferably shall be not less

than 3J^ inches for 1 inch rivets, 3 inches for ^-inch rivets and lYz inches

for 54-inch rivets. The maximum pitch in the line of stress for mem-

bers composed of plates and shapes shall be 7 inches for 1 inch rivets, 6

inches for %-inch rivets and 5 inches for 54-inch rivets. For angles

with two gage lines and rivets staggered, the maximum pitch in each line

shall be twice the amounts given above. If two or more web plates are

used in contact, stitch rivets 12 inches in gage and pitch shall be pro-

vided to make them act in unison. In tension members composed of

two angles in contact, a pitch of 12 inches may be used for riveting the

angles together.
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Edge Distance.

62. The minimum distance from the center of any rivet hole to a

sheared edge shall be: 1^ inches for 1 inch rivets, lj4 inches for ^-inch

rivets and 1% inches for J^-inch rivets; to a rolled edge 1.^ inches, 1%
inches and V/s inches, respectively. The maximum distance from any

edge shall be eight times the thickness of the plate, but shall not exceed

6 inches.

Size of Rivets in Angles.

63. The diameter of the rivets in any angle whose size is deter-

mined by calculated stress shall not exceed one-fourth of the width of

the leg in which they are driven. In angles whose size is not so deter-

mined 1 inch rivets may be used in 3J4 inch legs, %-inch rivets in 3

inch legs, and ^-inch rivets in 2^ inch legs.

Long Rivets.

64. Rivets which carry calculated stress and whose grip exceeds four

diameters shall be increased in number at least one per cent, for each

additional ife-inch of grip. If the grip exceeds six times the diameter

of the rivet, specially designed rivets shall be used.

Pitch of Rivets at Ends.

65. The pitch of rivets at the ends of built compression members

shall not exceed four diameters of the rivet for a distance equal to one

and one-half times the maximum width of the member.

Compression IVIembers.

66. In built compression members, the metal shall be concentrated

in the webs and flanges. The thickness of each web shall be not less

than one-thirtieth of the distance between the lines of rivets connecting

it to the flanges. The thickness of cover plates shall be not less than

one-fortieth of the distance between the nearest rivet lines.

Outstanding Legs of Angles.

67. The width of the outstanding legs of angles in compression

(except when reinforced by plates) shall not exceed the following:

a. For stringer flange angles, ten times the thickness.

b. For main members carrying axial stress, twelve times the thick-

ness.

c. For bracing and other secondary members, fourteen times the

thickness.

Stay Plates.

68. The open sides of compression members shall be provided with

lacing bars and shall have stay plates as near each end as practicable.

Stay plates shall be provided at intermediate points where the lacing is

interrupted. In main members, the length of the stay plates shall be

not less than 1% times the distance between the nearest lines of rivets

connecting them to the flanges, and the length of intermediate stay plates
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shall be not less than three-quarters of that distance. Their thickness

shall be not less than one-fiftieth of the same distance.

69. Tension members composed of shapes shall have their separate

segments stayed together. The stay plates shall have a length not less

than tvi^o-thirds of the lengths specified for stay plates on compression

members.

Lacing.

70. The lacing of compression members shall be proportioned to re-

sist a shearing stress of 2 per cent, of the direct stress. The minimum

width of lacing bars shall be 3 inches for 1 inch rivets, 2^ inches for

%-inch rivets, 2^ inches for J^-inch rivets, and 2 inches for j^-inch

rivets. The thickness shall be made as required by paragraph 39, in

which "1" shall be taken as the distance between connections to the main

sections.

71. In members composed of side segments and a cover plate,

with the open side laced, one-half the shear shall be considered as taken

by the lacing. Where double lacing is used, the shear in the plane of

the lacing shall be equally distributed between the two systems.

12. In connecting lacing bars to flanges, 5^-inch rivets shall be used

for flanges less than 25.4 inches wide, 34-inch rivets for flanges from 2^
to 3H inches wide, and %-inch rivets for flanges 3?/4 or more inches

wide. Lacing bars with at least two rivets in each end shall be used

for flanges over 5 inches wide.

IZ. The angle of lacing bars with the axis of the member shall be

not less than 45 degrees for double lacing, and 60 degrees for single lac-

ing. If the distance between rivet lines in the flanges is more than 15

inches and a single rivet bar is used, the lacing shall be double and

riveted at the intersections.

/

74. Lacing bars shall be so spaced that the — of the portion of the

r

flange included between their connections will be not greater than 40.

Splices.

75. Abutting joints in compression members faced for bearing shall

be spliced on four sides. The gross area of the splice material shall be

not less than 50 per cent, of the gross area of the member.

76. Joints in riveted work not faced for bearing, whether in ten-

sion or compression, shall be fully spliced.

Net Section at Pins.

77. In riveted tension members in pin-connected trusses, the net

section across the pin hole shall be 135 per cent, and the net section

back of the pin hole 100 per cent, of the net section of the body of the

member, and there shall be sufficient rivets to make the material effective.



664 Iron and Steel Structures.

Details of Design.

Net Section Defined.

78. The net section of riveted members shall be the least area which

can be obtained by deducting from the gross sectional area the areas of

holes cut by any plane perpendicular to the axis of the member and parts

of the areas of other holes on one side of the plane within a distance

of four inches, which are on gage lines one inch or more from those of

the holes cut by the plane, the parts being determined by the formula

:

P ] ,

1
, in which

4 J

A = the area of the hole.

P= the distance in inches of the center of the hole from the plane.

79. In determining the net section, the diameter of the rivet hole

shall be taken one-eighth-inch larger than the nominal diameter of the

rivet.

Pin Plates.

80. Where necessary to give the required section or bearing area,

pin holes shall be reinforced on both sides of each segment by plates,

one of which on each side must be as wide as the outstanding flanges

will permit. These plates shall contain enough rivets to transmit and

distribute the bearing pressure uniformly over the full cross section.

At least one full-width plate on each segment shall extend to the far

edge of the stay plate and the others not less than 6 inches beyond the

near edge.

Indirect Splices.

81. If splice plates are not in direct contact with the parts which

they connect, rivets shall be used on each side of the joint in excess

of the number required in the case of direct contact to the extent of two
extra lines for each intervening plate.

Fillers.

82. Where rivets carrying stress pass through fillers, the fillers shall

be extended beyond the connected member and the extension secured

by additional rivets sufficient to develop the value of the filler.

Forked Ends.

83. Forked ends on compression members will be permitted only

where unavoidable. Where forked ends are used, a sufficient number
of pin plates shall be provided to make the jaws of twice the sectional

area of the member and they shall be extended as far as necessary in

order to carry the stress of the main member into the jaws, but shall

not be shorter than required by paragraph 80.

Pins.

84. Pins shall be long enough to secure a full bearing of all parts

connected upon the turned body of the pin. They shall be secured by

chambered nuts or be provided with washers if solid nuts are used. The
screw ends shall be long enough to admit of burring the threads.



Iron and Steel Structures. 665

Details of Design.

85. Pin connected members shall be held against lateral movement

on the pins.

Bolts.

86. Where members are connected by bolts, the turned bodies of

the bolts shall be long enough to extend through the metal. A washer

at least J4-inch thick shall be used under the nut. Bolts shall not be

used except by special permission.

Upset Ends.

87. Bars with screw ends shall be upset so that the area at the

root of the thread will be at least 15 per cent. larger than in the body
of the bar.

Sleeve Nuts.

88. Sleeve nuts shall not be used.

Expansion.

89. Provision shall be made for expansion and contraction at the

rate of one inch for every 100 feet in length. The expansion ends shall

be secured against lateral movement. In spans over 250 feet in length,

provision shall be made for expansion in the floor.

Expansion Bearings.

90. Spans 70 feet or more in length shall have turned rollers or

rockers at one end. Spans of less length shall be arranged to slide on

smooth surfaces. Expansion bearings shall be designed to permit longi-

tudinal motion only.

Fixed Bearings.

91. Fixed bearings shall be firmly anchored to the supports.

Rollers.

92. Expansion rollers shall be not less than 6 inches in diameter.

They shall be coupled together with substantial side bars, which shall

be so arranged that the rollers can be cleaned readily. Rollers shall be

geared to the upper and lower plates.

Pedestals and Shoes.

93. Pedestals and shoes shall be made of plates and angles, or cast

steel. The difference between the top and bottom bearing widths shall

not exceed twice the depth. For hinged bearings, the depth shall be

measured from the center of the pin. The web plates and the angles

connecting them to the base plate shall be not less than ^-inch thick.

If the size of the pedestal permits, the webs shall be rigidly connected

transversely. The minimum thickness of the metal in cast steel pedestals

shall be one inch. Pedestals and shoes shall be so constructed that the

load will be distributed uniformly over the entire bearing. Spans 70

feet or more in length shall have hinged bearings at each end.

inclined Bearings.

94. For spans on an inclined grade and vdthout hinged bearings,
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the sole or masonry plates shall be beveled so that the masonry sur-

faces will be level.

Name Plates.

95. There shall be a name plate, showing in raised letters and

figures the name of the manufacturer and the year of construction, bolted

to the bridge near each end at a point convenient for inspection.

(6) FLOORS.
Types of Floors.

96. The floors may consist of steel floor-beams and stringers, with

timber cross-ties supporting the rails, or of one of the solid floor types

with ballast.

Floor Members.

97. Floor members shall be designed with special reference to stiff-

ness, and the depth of floor-beams and stringers shall, as a rule, be not

less than one-eighth of their length.

98. Specifications for plate girders shall also apply to floor-beams

and stringers.

Spacing of Stringers.

99. Stringers usually shall be spaced 6 feet 6 inches center to center.

If four stringers are used under one track, each pair shall be spaced

symmetrically about the rail.

Stop Angles.

100. Stringers which frame into floor-beams shall have an angle

riveted to the top flange at each end to space the end ties at least one

inch from the flanges of the floor-beams.

I-Beam Girders.

101. Rolled beams supporting timber decks shall be arranged with

not less than two nor more than four beams under each rail. The
beams in each group shall be placed symmetrically about the rail, and

shall be spaced sufficiently far apart to permit cleaning and painting.

They shall be connected by solid web diaphragms near the ends and at

intermediate points, spaced not over twelve times the flange width. Bear-

ing plates shall be continuous under each group of beams. . End stiffeners

shall be used if required by the provisions of paragraph 39.

Floor-Beam Connections.

102. Floor-beams preferably shall be square to the girders or trusses.

They shall be riveted directly to the girders or between the posts of

through and deck truss spans. End floor-beams shall be used in square

end bridges.

End Connection Angles.

103. The legs of stringer connection angles shall be not less than

4 inches in width, and not less than ^-inch in thickness. Shelf angles
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shall be provided to support the stringers during erection, but the con-

nection angles shall be sufficient to carry the whole load. Stringers pre-

ferably shall be riveted between the floor-beams. Rivets in connection

angles shall be spaced closer at the bottom of the angles than at the top.

Stringer Frames.

104. Where two lines of stringers are used under each track in

panels more than 30 feet in length, they shall be connected by cross

frames.

Solid Floor Connections.

105. Solid floors shall be connected to the girders or trusses by

angles not less than J^-inch thick; one angle on each side of the web of

I-beams and one on each of the vertical members of troughs.

Proportioning Solid Floors. .

106. Solid floors shall be proportioned by the moments of inertia

of the sections, using the net areas of the component parts.

(7) BRACING.
Design of Bracing.

107. Lateral, longitudinal and transverse bracing shall be composed

of shapes with riveted connections. Lateral bracing shall have concen-

tric connections to chords at end joints, and preferably throughout. The
connections between the lateral bracing and the chords shall be designed

to avoid, as far as practicable, any bending stress in the truss members.

108. When a double system of bracing is used, both systems may
be considered simultaneously*effective if the members meet the require-

ments, both as tension and compression members.

Lateral Bracing.

109. Bottom lateral bracing shall be provided in all bridges except

deck plate girder spans less than 70 feet long from which it may be

omitted.

110. Top lateral bracing shall be provided in deck spans and in

through spans having sufficient head room.

Portal and Sway Bracing.

111. Deck truss spans shall have vertical sway bracing at each

panel point. They shall also have bracing in the planes of the end

posts, proportioned to transfer the end reaction of the top lateral system

to the masonry.

112. Through truss spans shall have portal bracing, with knee

braces, as deep as the specified clearance will allow.

113. Through trusi ^pans shall have sway bracing at each inter-

mediate panel point if the height of the trusses is such as to permit of

a depth of 6 feet or mor*» for the bracing. When the height of the

trusses will not permit of such depth, the top lateral struts shall be of

the same depth as the chord and shall have knee braces.
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Cross-Frames.

114. Deck plate girder spans shall be provided with cross-frames

at each end proportioned to resist centrifugal and lateral forces, and

shall have intermediate cross-frames at intervals not exceeding 18 feet.

Laterals.

115. The smallest angle to be used in lateral bracing shall be 3j4

by 3 by H inches. There shall be not less than three rivets at each end

connection of the angles. Angles shall be connected at their intersec-

tions by plates.

Clearance.

116. Lateral bracing beneath the track shall be low enough to clear

the ties.

Tower Struts.

117. The struts at the base of viaduct towers shall be strong enough

to slide the movable shoes when the track is unloaded.

(8) PLATE GIRDERS.
Spacing of Girders.

118. The girders of deck bridges shall be spaced 6 feet 6 inches

between centers, except that:

a. In single-track deck spans 75 or more feet in length, the

girders shall be spaced in accordance with para-

graph 12, but not less than 7 feet 6 inches between

centers.

b. In bridges on curves, the girders shall be spaced as

shown on the plans.

Design of Plate Girders.

119. Plate girders shall be proportioned either by the moment of

inertia of their net section including compression side; or by assuming

that the flanges are concentrated at their centers of gravity. In the lat-

ter case, one-eighth of the gross section of the web, if properly spliced,

may be used as flange section.

Flange Sections.

120. The flange angles shall form as large a part of the gross area

of the flange as practicable. Side plates shall not be used except when

flange angles exceeding one inch in thickness otherwise would be required.

121. Flange plates shall be equal in thickness to the flange angles

or shall diminish in thickness from the flange angles outward. No plate

shall have a thickness greater than that of the flange angles.

122. Where flange cover plates are used, one cover plate of the top

flange shall extend the full length of each girder. Other flange plates

shall extend at least 18 inches beyond the theoretical end.
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Thickness of Web Plates. .

123. The thickness of web plates shall be not less than — V D, where

"D" represents the distance between flanges in inches. ^0

Flange Rivets.

124. The flanges of plate girders shall be connected to the web
with a sufficient number of rivets to transfer to the flange section the

horizontal shear at any point combined with any load that is applied

directly on the flange. One wheel load, where ties rest on the flange,

shall be assumed to be distributed over 3 feet.

Flange Splices.

125. Splices in flange members shall not be used except by special

permission of the Engineer. Two members shall not be spliced at the

same cross-section and, if practicable, splices shall be located at points

where there is an excess of section. The net section of the splice shall

exceed by 10 per cent, the net section of the member spliced. Flange

angle splices shall consist of two angles, one on each side.

Web Splices.

126. Web plates shall be symmetrically spliced by plates on each

side. The splice plates for shear shall be the full depth of the girders

between flange angles. The splice shall be equal to the web in strength

in both shear and moment. There shall be not less than two rows of

rivets, staggered, on each side of the joint.

End Stiffeners.

127. Plate girders shall have stiffener angles over end bearings, the

outstanding legs of which will extend as nearly as practicable to the

outer edge of the flange angles. These end stiffeners shall be propor-

tioned for bearing on the flange angles, and shall be arranged to transmit

the end reaction to the pedestals or distribute it over the masonry bear-

ings. They shall be connected to the web by enough rivets to transmit

the reaction. End stiffeners shall not be crimped.

Intermediate Stiffeners.

128. The webs of plate girders

shall be stiffened by angles at in-

tervals not greater than:

/^

(a) Six feet. F^f- 4.

(b) The depth of the web.
(c) The distance given by the formula,

d = 50f [6— Jfe (4ife -]- 1)], in which
d = the distance between rivet lines of stiffeners in inches.

t = the thickness of the web in inches.

M
k = the ratio —, shown in Fig. 4, but never less than 0.5.

L
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Spans Shipped Riveted.

136. Deck plate girder spans less than 50 feet in length shall be

shipped riveted complete, unless otherwise specified.

129. For girders in which the load is applied to the girders at

floor-panel points, the stiffener intervals in any panel shall be uniform

and based on the value of "k" at the end of the panel toward the nearer

support.

130. If the depth of the web between the flange angles or side plates

is less than 50 times the thickness of the web, intermediate stiffeners

may be omitted.

131. Stiffener angles shall be placed at points of concentrated load-

ing. Such angles shall not be crimped.

132. Intermediate stiffeners shall be riveted in pairs to the web of

the girder. The outstanding leg of each angle shall not be less than

2 inches plus one-thirtieth of the depth of the girder, nor more than

14 times its thickness.

Gusset Plates in Through Girders.

133. In through plate girder spans, the top flanges shall be braced

by means of gusset plates or knee braces with solid webs connected to

the floor-beams and extending usually to the clearance line. If the un-

supported length of the inclined edge of the gusset plate exceeds 18

inches, the gusset plate shall have one or two stiffening angles riveted

along its edge. The gusset plate shall be riveted to a stiffener angle on

the girder. Preferably it shall form no part of the floor-beam web.

134. In through plate girder spans with solid floors, there shall be

knee-braces with f^-inch webs, extending usually to the clearance line,

at intervals of about 12 feet. Each knee-brace shall be well riveted to

the floor and the girder, especially at the top, and shall have its edge

reinforced by one or two angles.

Ends of Through Girders.

135. If through plate girders project two feet or more above the

base of the rail, the upper corners shall be rounded to a radius of about

one-third of the depth of the girder, but not less than 18 inches, the

radius to be a multiple of 6 inches. In multiple span bridges, only the

extreme ends shall be rounded. If adjacent spans have different depths

and the difference in depth does not exceed 18 inches, the top flanges of

the deeper girders shall be curved at the ends to a radius equal to one

and one-half times the depth of the girder, so that the depth of the ends

will be the same as that of the adjacent girders. If the difference exceeds

18 inches, the corners of the higher girders shall be rounded to a radius

not greater than the difference in depth and not greater than one-third

of the depth of the deeper girder. Exposed ends of through girders

shall be neatly finished with end plates.
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Central Bearings.

137. Plate girders 50 feet or more in length shall be designed with

central bearings.

Masonry Bearings.

138. End bearings on masonry shall preferably be raised above

the coping by metal pedestals.

139. Sole plates shall be not less than ^-inch thick and not less in

thickness than the flange angles plus J^-inch.

Anchor Bolts.

140. Anchor bolts shall be 1% inches in diameter and shall extend

12 inches into the masonry. There shall be washers under the nuts.

Anchor bolt holes in pedestals and sole plates shall be 15^ inches in

diameter, except that at expansion points the holes in the sole plates

shall be slotted.

(9) TRUSSES.

Type of Truss and Sections of Members.

141. Trusses shall have single intersection web systems and, prefer-

ably, inclined end posts. The top chords and end posts shall be made

usually of two side segments with one cover plate and with stay plates

and lacing on the open side. The bottom chords of riveted trusses

shall be symmetrically made, usually of vertical side plates with flange

angles. Web members shall be made of symmetrical sections. In pin-con-

nected trusses, the tension chords shall be non-continuous for bending

at pin joints.

Camber.

142. The length of members of truss spans shall be such that the

camber will be equal to the deflection produced by the combined dead

and static live loads.

Riveted Members in Pin-Connected Trusses.

143. Hip verticals (and members performing similar functions) and

the two end panels of the bottom chords of pin-connected trusses shall

be riveted members.

Eye-Bars.

144. The cross sectional area of the head through the center of the

pin hole shall exceed that of the body of the eye-bar by at least 40

per cent. The thickness of the bar shall be not less than one-eighth of

the width nor less than one inch, and not greater than 2j^ inches. The

form of the head shall be submitted to the Engineer for approval before

the bars are made. The diameter of the pin shall be not less than

seven-eighths of the width of the widest bar attached.
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Packing.

145. The eye-bars of a set shall be packed symmetrically about the

plane of the truss and as nearly parallel as practicable, but in no case

shall the inclination of any bar to the plane of the truss exceed -^-inch

per foot. They shall be packed as closely as practicable and arranged so

as to produce the least bending moment on the pin. They shall be held

against lateral movement, and arranged so that adjacent bars in the

same panel will not be in contact.

Gusset Plates.

146. The thickness of gusset plates connecting the various members

of the truss shall be proportionate to the stress to be transferred, but

shall not be less than J/2-inch.

Facilities for Jacking.

147. The end pins of trusses shall project a sufficient distance outside

of the faces of the chords to permit making attachments for jacking the

span.

Masonry Plates.

148. Masonry plates shall not be less than one inch thick.

(10) VIADUCTS.
Type of Viaduct.

149. Viaducts shall consist usually of alternate tower spans and

free spans of plate girders or riveted trusses supported on bents. The
tower spans usually shall be not less than 30 feet long.

Bents and Towers.

150. Viaduct bents shall be composed preferably of two supporting

columns, and the bents usually shall be united in pairs to form towers.

Towers shall be braced, both transversely and longitudinally, with riveted

members. In double track towers, riveted diagonal bracing in a hori-

zontal plane shall be used at the top.

Single Bents.

151. Single bents shall have hinged ends, or else have their columns

proportioned to resist the bending stresses produced by changes in tem-

perature.

Bottom Struts.

152. The bottom struts of viaduct towers shall be proportioned

for the calculated stresses, but in no case for less than one-fourth of

the dead load reaction on one pedestal.

Batter.

153. The columns usually shall have a batter transversely of one
horizontal to six vertical for single track viaducts, or one horizontal to

eight vertical £or double track viaducts.
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Spacing of Girders.

154. In single track viaducts, the girder spacing usually shall be

uniform throughout, and shall be determined by the spacing for the

longest span in the viaduct, according to the rules specified for deck

plate girder spans.

155. In double track viaducts, the girders under each track shall be

spaced 6 feet 6 inches between centers, and the inner lines of girders

shall be supported by cross-girders framed between and riveted to the

posts.

Girder Connections and Bracing.

156. Girders of tower spans shall be riveted at each end to the tops

of the posts or cross-girders. Girders between towers shall have one

end riveted, and shall be provided with an efficient expansion joint at

the other end. No bracing or sway frame shall be common to abutting

spans.

157. If neither of the girders under a track rests directly over a

tower post, bracing shall be provided to carry the longitudinal force into

the tower bracing without producing lateral bending stress in the cross-

girders or posts.

Sole and Masonry Plates.

158. Sole and masonry plates shall not be less than 54-inch thick.

Anchorage for Towers.

159. Anchor bolts for viaduct towers and similar structures shall

be designed to engage a mass of masonry the weight of which is at least

one and one-half times the uplift.

160. Anchor bolts, washers and other anchorage or grillage materials

shall be furnished by the Contractor in time for them to be built into the

masonry.

(11) MATERIALS.*
Steel.

161. Steel shall be made by the open hearth process. It shall be of

three grades: structural, rivet and cast.

(a) Structural and Rivet Steel.

Properties.

162. Structural and rivet steel shall conform to the following

requirements as to chemical and physical properties

:

Specifications for materials conform to A.S.T.M. Standards, Serials
A7-16, A27-16 and A48-18, except paragraphs 183 and 184.



674 Iron and Steel Structures.

Materials, Structural and Rivet Steel.

Structural
Steel

Phosphorus, maximum
Acid 06 per cent.

Basic 04 per cent.

Sulphur, maximum 05 per cent.

Tensile strength, pounds per square inch.

Yield point, pounds per sq. in., minimum.

Elongation in 8 in., minimum, per cent. .

.

55,000
to

65,000

0.5 Tens. Str.

1500000

Rivet
Steel

.04 per cent.

.04 per cent.

.045 per cent.

46,000
to

56.000

0.5 Tens. Str.

1500000

Tens. Str.

22

Tens. Str.

Elongation in 2 in., minimum, per cent...

Ladle Analyses.

163. An analysis of each melt of steel shall be made by the manu-

facturer to determine the percentages of carbon, manganese, phosphorus

and sulphur. This analysis shall be made from a test ingot taken during

the pouring of the melt. The chemical composition thus determined shall

be reported to the Engineer, and shall conform to the requirements

specified in paragraph 162.

Check Analyses.

164. Analyses may be made by the purchaser from finished material

representing each melt. The phosphorus and sulphur content thus deter-

mined shall not exceed that specified herein by more than 25 per cent.

Specimen Tension Tests of Eye-Bar Material.

165. In order to meet the required minimum tensile strength of full

size annealed eye-bars, the Engineer may determine the tensile strength

to be obtained in specimen tests, the range not to exceed 14,000 lb. per

sq. in. The material shall conform to the requirements as to physical

properties other than that of tensile strength, specified in paragraph 162.

Yield Point.

166. The yield point shall be determined by the drop of the beam
of the testing machine.

Speed of Testing Machine.

167. The cross-head speed of the testing machine shall be such that

the beam of the machine can be kept balanced, but in no case shall the

values given in the following table' be exceeded

:

Specified Minimum Tensile
Strength of Material,

lbs. per sq. in.

80,000 or under.

Over 80,000....

Grge Dength,
in.

8
2

2

Maximum Cross-head Speed,
(ins. per minute) in Determining

Yield Point

0.50
2.00

0.25
0.50

Tensile Strength

2.0
6.0

1.0
2.0
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Modifications in Elongation.

168. For structural steel over 54-inch in thickness, a deduction of

one from the percentage of elongation in 8 inches specified in paragraph

162 shall be made for each increase of J^-inch in thickness above ^-inch,

to a minimum of 18 per cent.

169. For structural steel under A-inch in thickness, a deduction of

2.5 from the percentage of elongation in 8 inches specified in paragraph

162 shall be made for each decrease of i^-inch in thickness below -^c-inch.

Bend Tests.

170. The test specimens for plates, shapes, and bars, except as speci-

fied in paragraphs 171, 172 and 173, shall bend cold through 180 degrees

without cracking on the outside of the bent portion, as follows

:

(a) For material ^-inch or under in thickness, flat on itself.

(b) For material over J^-inch to and including 1J4 inches in

thickness, around a pin the diameter of which is equal to the

thickness of the specimen.

(c) For material over 1% inches in thickness, around a pin the

diameter of which Is equal to twice the thickness of the speci-

men.

171. The test specimens for eye-bar flats shall bend cold through 180

degrees without cracking on the outside of the bent portion as follows

:

(a) . For material 54-inch or under in thickness, around a* pin

the diameter of which is equal to the thickness of the speci-

men.

(b) For material over ^-inch to and including 1% inches in

thickness, around a pin the diameter of which is equal to twice

the thickness of the specimen.

(c) For material over 1J4 inches in thickness, around a pin

the diameter of which is equal to three times the thickness

of the specimen.

172. The test specimens for pins, rollers and other bars, when
prepared as specified in paragraph 178, shall bend cold through 180

degrees around a one inch pin without cracking on the outside of the bent

portion.

173. The test specimens for rivet steel shall bend cold through 180

degrees flat on themselves without cracking on the outside of the bent

portion.

Test Specimens.

174. Tension and bend test specimens shall be taken from rolled

steel in the condition in which it comes from the rolls, except as specified

in paragraph 175.

175. Tension and bend test specimens for pins and rollers shall be^

taken from the finished bars after annealing when annealing is specified.
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176. Tension and bend test specimens for plates, shapes and bars

(except as specified in paragraphs 177, 178 and 179) shall be of the full

thickness of material as rolled. They may be machined to the form
and dimensions shown in Fig. 5, or with both edges parallel, except that

bend test specimens for eye-bar flats may have three rolled sides.

\f?boat3"
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one tension and one bend test shall be made from both the thickest and

the thinnest material rolled.

181. If any test specimen shows defective machining or develops

flaws, it may be discarded and another specimen substituted.

182. If the percentage of elongation of any tension test specimen is

less than that specified in paragraph 162, and any part of the fracture

is more than J^-inch from the center of the gage length of a 2 inch spec-

imen or is outside the middle third of the gage length of an 8 inch speci-

men, as indicated by scribe scratches marked on the specimen before

testing, a retest shall be allowed.

Character of Fracture.

183. Test specimens of structural or rivet steel shall show a fracture

of uniform, silky appearance, of bluish gray or dove color, and entirely

free from granular, black and brilliant specks.

Surface Defects.

184. Finished rolled material shall be free from cracks, flaws, inju-

rious seams, blisters, ragged and imperfect edges, and other surface

defects. It shall have a smooth finish, and shall be straightened in the

mill before shipment.

Permissible Variations in Weight and Thickness.

185. The cross-section or weight of each piece of steel shall not vary

more than 2.5 per cent, from that specified, except in the case of sheared

plates, which shall be covered by the following permissible variations.

One cubic inch of rolled steel is assumed to weigh 0.2833 lb.

(a) When ordered to weight per square foot, the weight of each lot

in each shipment shall not vary from the weight ordered more than

the amount given in Table I. The term "lot" as applied to Table I

means all of the plates of each group width and group weight (page 678).

(b) When ordered to thickness, the thickness of each plate shall not

vary more than 0.01 inch under that ordered. The overweight of each lot

in each shipment shall not exceed the amount given in Table II. The

term "lot" as applied to Table II means all of the plates of each group

width and group thickness (page 678).

Marking.

186. The name or brand of the manufacturer and the melt number

shall be legibly stamped or rolled on all finished material, except that

rivet and lattice bars and other small sections shall, when loaded for

shipment, be separated properly and marked for identification. The
identification marks shall be stamped legibly on the end of each pin

and roller. The melt number shall be marked legibly by stamping if

practicable, on each test specimen.
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Table 1.-
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(b) Cast Steel.

Process.

187. The steel shall be made by the open hearth or the crucible

process.

Heat Treatment.

188. Castings shall be annealed.

Chemical and Physical Properties.

189. The chemical and physical properties shall conform to the

following limits

:

Min. Ten. Min. Min. Elon- Min.
Elements Strength Yield Point nation Reduction

Considered lbs. per sq. in. lbs. per sq. in. in 2 in. of Area

Phosphorus not over 0.05% 60,000 0.45 Tens. Str. 22% 30%
Sulphur not over 0.05%

Ladle Analyses.

190. An analysis of each melt of steel shall be made by the manu-

facturer to determine the percentages of carbon, manganese, phosphorus

and sulphur. This analysis shall be made from drillings taken at least

^-inch beneath the surface of a test ingot obtained during the pouring

of the melt. The chemical composition thus determined shall be reported

to the Engineer.

Check Analyses.

191. Check analyses may be made by the Engineer from a broken

tension or bend test specimen. The phosphorus and sulphur content thus

determined shall not exceed that specified in paragraph 189 by more than

20 per cent. Drillings for analysis shall be taken not less than j4-inch

beneath the surface.

Yield Point.

192. The yield point shall be determined by the drop of the beam of

the testing machine. The speed of the machine shall conform to the

requirements of paragraph 167.

Bend Test.

193. The test specimen shall bend cold through 120 degrees around

a one inch pin without cracking on the outside of the bent portion.

Test Specimens.

194. Sufficient test bars from which the test specimens required by

paragraph 197 may be selected, shall be attached to castings weighing

500 lbs. or over, when the design of the castings will permit. If the

castings weigh less than 500 lbs., or are of such a design that test bars

cannot be attached, two test bars shall be cast to represent each melt.

Test bars shall be annealed with the castings they represent.

195. Tension test specimens shall conform to the dimensions shown

in Fig. 6 (page 676).
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196. Bend test specimens shall be machined to 1 inch by J^-inch in

section with corners rounded to a radius not over A-inch.

Number of Tests.

197. One tension and one bend test shall be made from each anneal-

ing charge. If more than one melt is represented in the annealing charge,

one tension and one bend test shall be made from each melt.

198. If the percentage of elongation of any tension test specimen is

less than that specified in paragraph 189 and any part of the fracture is

more than 54-inch from the center of the gage length, as indicated by scribe

scratches marked on the specimen before testing, a retest shall be allowed.

199. If the results of the physical tests of any test lot do not con-

form to the requirements specified, the manufacturer may re-anneal such

lot not more than twice and retests shall be made as specified in para-

graph 189.

Workmanship and Finish at Foundry.

200. The castings shall conform substantially to the sizes and shapes

of the patterns and shall be made in a workmanlike manner. The cast-

ings shall be free from injurious defects. Minor defects, which do not

impair the strength of the castings, may, with the approval of the

Engineer, be welded by an approved process. The defects first shall be

cleaned out to solid metal and, after welding, the castingss shall be

annealed, if required by the Engineer.

Inspection at Foundry.

201. Tests and inspection shall be made at the place of manufacture

prior to shipment, and shall be so conducted as not to interfere unneces-

sarily with the operation of the works.

Rejection.

202. Castings which show injurious defects subsequent to their

acceptance at the manufacturer's works will be rejected, and the manu-
facturer shall be notified.

^ (c) Cast Iron.
Process.

203. Cast iron shall be of tough gray iron, and shall be made by

the cupola process.

Finish.

204. Castings shall be true to pattern and free from excessive

shrinkage. They shall be free from cracks, cold shuts, blow holes and

other flaws.

Chemical Composition.

205. The sulphur content of cast iron shall not exceed the following:

Light castings 0.10 per cent.

Medium castings 0.10 per cent.

Heavy castings 0.12 per cent.
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Drillings taken from the fractured ends of the transverse test bars

shall be used for the sulphur determinations. One determination shall be

made from each set of bars.

Classification.

206. Castings shall be classified as light, medium and heavy.

(a) Light castings are those having any section less than J^-inch

thick.

(b) Heavy castings are those having no section less than two

inches thick.

(c) Medium castings are those not included in either of the

two classes above.

Test Bar.

207. Tests shall be made on the "Arbitration Test Bar" of the

American Societ}^ for Testing Materials, as shown by Fig. 1, Serial

A48-18.

Tension Tests.

208. /fension tests will be made only when specified by the Engineer

and at the expense of the Company.

Number of Tests.

209. Two sets of two test bars each shall be cast from each melt

in thoroughly dried green sand moulds, one set from the first iron poured

and the other set from, the last iron poured. Where the melt exceeds

20 tons, an additional set of two bars shall be cast from each additional

20 tons or fraction thereof.

Transverse Tests.

210. A transverse test of each bar cast shall be made. The load

shall be applied at the middle, and the supports shall be spaced 12 inches

apart. The load on the test bar at rupture shall be not less than the

following

:

Light castings 2300 pounds
Medium castings 2900 pounds
Heavy castings 3300 pounds

The deflection at rupture shall in no case be less than 0.10-inch.

The rate of application of the load shall be such that a central deflection

of 0.10 is produced in from 20 to 40 seconds.

(12) WORKMANSHIP.
Punched Work.*

211. In punched work, holes in material whose thickness is not

greater than the diameter of the rivets plus J^-inch, generally may be

punched full size. Holes in material of greater thickness shall be drilled.

*The work shall be "Punched Work" or "Sub-punched and Reamed
Work" as stipulated.
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Sub-Punched and Reamed Work.*

212. In sub-punched and reamed work, holes in material ^-inch

thick and less, used for lateral, longitudinal and sway bracing, lacing,

stay plates and diaphragms, may be punched full size.

213. Holes in other material 54-inch thick and less, shall be sub-

punched and reamed.

214. Holes in material over ^-inch thick shall be drilled.

General.

215. The workmanship and finish shall be equal to the best practice

in modern bridge shops. Material at the shops shall be kept clean and

protected frorn the weather as far as practicable.

Straightening IVlaterial.

216. Rolled material, before being laid oflf or worked, must be

straight. If straightening or flattening is necessary, it shall be done by

methods that will not injure the material. Sharp kinks and bends shall

be cause for rejection.

Finish.

217. Shearing and chipping shall be neatly and accurately done and

all portions of the work exposed to view shall be neatly finished.

Punched Holes.

218. Full size punched holes shall be •t'^-inch larger than the nominal

diameter of the rivets. The diameter of the die shall not exceed the

diameter of the punch by more than ife-inch. The punching shall be

done so accurately that, after assembling, a cylindrical pin ^-inch smaller

in diameter than the nominal diameter of the punched hole, may be

entered in at least 75 of any group of 100 contiguous holes in the same

plane. If any holes must be enlarged to admit the rivets, they shall be

reamed. Holes must be clean cut, without torn or ragged edges. Poor

matching of holes shall be cause for rejection.

Sub-Punched and Reamed Holes.

219. In sub-punched and reamed work, the holes shall be punched

^-inch smaller and, after assembling^ reamed iV-inch larger than the

nominal diameter of the rivet. The diameter of the punch used shall

be t\-inch smaller than the nominal diameter of the rivet and the diam-

eter of the die not more than ^s-inch larger than the diameter of the

punch. Outside burrs shall be removed with a tool making a tW-inch

fillet.

Accuracy of Punching in Reamed Work.

220. In sub-punched and reamed work, the punching shall be so

accurately done that, after assembling and before reaming, a cylindrical

*The work shall be "runohed Work" or "Sub-punched and Reamed
Work" as stipulated.
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pin J^-inch smaller in diameter than the nominal size of the punched hole

may be entered, perpendicular to the face of the member, without drifting,

in at least 75 of any group of 100 contiguous holes in the same plane. If

this requirement is not fulfilled, the badly punched pieces shall be rejected.

If any hole will not pass a pin ^s-inch smaller in diameter than the

nominal size of the punched hole, this shall be cause for rejection.

Reaming After Assembling.

221. Reaming shall be done after the pieces forming a built member
are assembled and so firmly bolted together that the surfaces are in close

contact. Before riveting, they shall be taken apart and any shavings

removed, if necessar}^ When it is necessary to take the members apart

for shipping or handling, the respective pieces reamed together shall be

so marked that they may be reassembled in the same position in the final

setting up. No interchange of reamed parts will be permitted.

Accuracy of Reaming.

222. In reamed work, 85 of any group of 100 contiguous holes in

the same plane shall, after reaming, show no offset greater -than s'2-inch

between adjacent thicknesses of metal. If any hole shows an offset

greater than I's-inch, this shall be cause for rejection.

Size of Reamed Holes.

223. Reamed holes shall be cylindrical, perpendicular to the member,

and not more than #2-inch larger than the nominal diameter of the rivets.

Method of Reaming.

224. Reaming shall be done with twist drills or short taper reamers.

Reamers preferably shall not be directed by hand.

Drilling.

225. Drilled holes shall be tW-inch larger than the nominal size of

the rivet. Burrs on the outside surfaces shall be removed and holes

filleted I'g-inch under rivet heads.

Assembling for Drilling.

226. Connecting parts requiring drilled holes shall be assembled

and securely bolted together before drilling.

Accuracy of Drilling.

227. When holes are drilled, 85 of any group of 100 contiguous holes

in the same plane shall, after drilling, show no oflfset greater than 3'2-inch

between adjacent thicknesses of metal. If any hole shows an offset

greater than ^-inch, this shall be cause for rejection.

Shop Assembling.

228. The parts of riveted members shall be well pinned and firmly

drawn together with bolts before riveting is commenced. Surfaces in

contact shall be painted. Fitting up bolts shall be used in at least one-
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third of the holes unless otherwise directed by the Inspector. Bolts in

field connection holes shall be left in place.

229. Solid floor sections shall be assembled to the girders or trusses,

or to suitable frames in the shop, and the end connections made to fit.

230. Riveted trusses and skew portals shall be assembled in the shop,

the parts adjusted to line and fit, and the holes for field connections

drilled or reamed while so assembled. Holes for other field connections,

except those in lateral, longitudinal and sway bracing, shall be drilled or

reamed in the shop with the connecting parts assembled, or else drilled or

reamed to a metal template.

Match-Marking.

231. Connecting parts assembled in the shop for the purpose of

reaming or drilling holes in field connections shall be match-marked, and

a diagram showing such marks shall be furnished the Engineer.

Rivets.

232. The size of rivets called for on the plans shall be the size of

the rivet before heating.

233. Rivets shall be carefully selected, and shall be free from fins

on the under side of the head.

234. Rivet heads, when not countersunk or flattened, shall be of

approved shape and of uniform size for the same diameter of rivet. Rivet

heads shall be full, neatly made, concentric with the rivet holes, and in

full contact with the surface of the member.

Riveting.

235. Rivets shall be heated uniformly to a light cherry red and

driven while hot. Rivets, when heated and ready for driving, shall be

free from slag, scale and carbon deposit. When driven, they shall com-

pletely fill the holes. Loose, burned or otherwise defective rivets shall be

replaced. In removing rivets, care shall be taken not to injure the

adjacent metal, and, if necessary, they shall be drilled out. Caulking or

re-cupping will not be permitted.

236. Rivets shall be driven by direct-acting riveters where practi-

cable. The riveters shall retain the pressure after the upsetting is com-
pleted.

237. When necessary to drive rivets with a pneumatic riveting ham-
mer, a pneumatic bucker shall be used for holding up, when practicable.

Field Rivets.

238. Field rivets shall be furnished in excess of the nominal number
required to the amount of 15 per cent, plus ten rivets, for each size and

length.

Turned Bolts.

239. Wherever bolts are used in place of rivets to transmit shear,

the holes shall be reamed parallel and the bolts shall make a tight fit
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with the threads entirely outside of the holes. A washer not less than

J4-inch thick shall be used under each nut. Bolts shall not be used in

place of rivets except bj- special permission of the Engineer.

Planing Siieared Edges.

240. Sheared edges of material more than ^-inch in thickness and

carrying calculated stress shall be planed to a depth of i^s-inch. Re-en-

trant cuts shall be filleted by drilling before cutting.

Drifting.

241. The drifting done during assembling shall be only such as to

bring the parts into position, and not sufficient to enlarge the holes or

distort the metal.

Lacing Bars.

242. The ends of lacing bars shall be neatly rounded, unless other-

wise called for.

Fit of Stiffeners.

243. Stiffeners under the top flanges of deck girders and at all bear-

ing points shall be milled to bear against the flange angles. Other

stiffeners must fit sufficiently tight against the flange angles to exclude

water after being painted. Fillers and splice plates shall fit within ^-inch

at each end.

Web Plates.

244. Web plates of girders which have no cover plates shall be

flush with the backs of the flange angles or project above them not more

than J^-inch, unless otherwise called for. When web plates are spliced,

not more than j4-inch clearance between ends of plates will be allowed.

245. Web plates of girders which have cover plates may be J/2-inch

less in width than the distance back to back of flange angles.

Facing Floor Beams, Stringers and Girders.

246. The main sections of floor beams, stringers and girders having

end connection angles shall be faced to length after riveting and the con-

nection angles accurately set flush with the entire face and true to the

faced ends. If facing is done after the connection angles are riveted in

place, the thickness of the angles shall not be reduced more than ^-inch,

at any point.

Finished Members.

247. Finished members shall be true to line and free from twists,

bends and open joints.

Abutting Joints.

248. Abutting joints in tension and compression members, and in

girder flanges, shall be faced and brought to an .even bearing.
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Eye-Bars.

249. Eye-bars shall be straight, true to size, and free from twists,

folds in the neck or head, and other defects. The heads shall be made

by upsetting, rolling or forging. Welding will not be allowed. The form

of the heads will be determined by the dies in use at the works where

the eye-bars are made, if satisfactory to the Engineer, but the manufac-

turer shall guarantee the bars to break in the body when tested to rup-

ture. The thickness of the head and neck shall not over-run more than

T^-inch for bars 8 inches or less in width, ^-inch for bars over 8

inches and not more than 12 inches in width, and :fe-inch for bars over

12 inches in width.

250. Eye-bars which are to be placed side by side in the structure

shall be bored so accurately that, upon being placed together, the pins

will pass through the holes at both ends at the same time without driving.

Eye-bars shall have both ends bored at the same time.

Annealing.

251. All eye-bars shall be annealed by heating uniformly to the

proper temperature followed by slow and uniform cooling in the furnace.

Proper instruments shall be provided for determining at all times the

temperature of the bars.

252. Other steel which has been partially heated shall be properly

annealed except where used in minor parts.

Boring Pin Holes.

253. Pin holes shall be bored true to gage, smooth, straight, at right

angles with the axis of the member and parallel with each other, unless

otherwise required. The variation from the specified distance from out-

side to outside of pin holes in tension members, or from inside to inside

of pin holes in compression members, shall not exceed 3^-inch. In built-

up members the boring shall be done after the member is riveted.

Boring Pins.

254. Pins above 8 inches in diameter shall have a hole bored longi-

tudinally through the center of each not less than 2 inches in diameter.

Pin Clearances.

255. The difference in diameter between the pin and tlie pin hole

shall be 1/50-inch for pins up to 5 inches in diameter, and ^-inch for

larger pins.

Pins and Rollers.

256. Pins and rollers shall be accurately turned to gage and shall

be straight, smooth and free from flaws.

Screw Threads.

257. Screw threads shall make close fits in the nuts and shall be

U. S. Standard, except that for diameters greater than 1^ inches, they

shall be made with six threads to an inch.
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Welds.

258. Welds in $teel will not be allowed, except to remedy minor

defects.

Forging Pins.

259. Pins above 7 inches in diameter shall be forged under a steam

hammer and annealed.

Bearing Surfaces Planed.

260. The top and the bottom surfaces of base and cap plates of

columns and pedestals, except those in contact with masonry, shall be

planed, and parts of members in contact with them shall be faced to fit.

Connection angles for base plates and cap plates shall be riveted to

compression members before the members are faced.

261. Sole plates of plate girders shall have full contact with the

girder flanges, and shall be planed on their lower surfaces. Masonry

plates shall be planed on the top surfaces. Cast pedestals shall be planed

on the top surfaces and shall have the bottom surfaces rough finished.

Pilot Nuts.

262. Two pilot nuts and two driving nuts shall be furnished for

each size of pin, unless otherwise specified.

(13) WEIGHIXG AND SHIPPING.

Weight Paid for.

263. The payment for pound price contracts shall be based on the

scale weight of the metal in the fabricated structure, including field

rivets shipped. The weight of the field paint, cement and fitting-up bolts,

if furnished, boxes and barrels used for packing, and material used for

staying or supporting members on cars, shall be excluded.

Variation in Weight.

264. If the weight of any member is more than lYi per cent, under

the computed weight, it shall be cause for rejection.

265. The greatest allowable variation of the total scale weight of

any structure from the weights computed from the approved shop draw-

ings shall be 1^ per cent. Any weight in excess oi V/i per cent, above

the computed weight shall not be paid for by the Company.

Computed Weight.

266. The weights of rolled shapes, and of plates, up to and including

36 inches in width, shall be computed on the basis of their nominal

weights and dimensions, as shown on the approved shop drawings, deduct-

ing for copes, cuts and open holes.

267. The weights of plates wider than 36 inches shall be computed
on the basis of their dimensions, as shown on the approved shop draw-
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ings, deducting for cuts and open holes. To this shall be added one-half

of the allowed percentages of overrun in weight given in paragraph 185.

268. The weight of heads of shop driven rivets shall be included in

the computed weight.

269. The weights of castings shall be computed from the dimensions

shown on the approved shop drawings, with an addition of 10 per cent,

for fillets and overrun.

Weighing of Members.

270. Finished work shall be weighed in the presence of the Inspector,

if practicable. The Contractor shall furnish satisfactory scales and do

the handUng of the material for weighing.

Marking and Shipping.

271. Members weighing more than 5 tons shall have the weight

marked thereon. Bolts and rivets of one length and diameter, and loose

nuts or washers of each size, shall be packed separately. Pins, other

small parts, and small packages of bolts, rivets, washers and nuts shall

be shipped in boxes, crates, kegs or barrels, but the gross weight of any

package shall not exceed 200 pounds. A list and description of the con-

tained material shall be plainly marked on the outside of each package,

box or crate.

272. Long girders shall be loaded and marked so that they will

arrive at the bridge site in position for erection without turning.

(14) PAINTING.

Shop Cleaning and Painting.

273. Unless otherwise specified, steel work, before leaving the shop,

shall be thoroughly cleaned and given one coat of approved paint, well

worked into joints and open spaces. The paint shall not be applied until

the work has been accepted by the Inspector. Cleaning shall be done

with steel brushes, hammers, scrapers and chisels. Oil and grease shall

be removed by wiping with benzine or gasoline.

Surfaces in Contact.

274. Surfaces coming in contact shall be cleaned and given one coat

of paint on each surface before assembling.

Erection Marks.

275. Erection marks shall be painted on painted surfaces.

Painting in Damp or Freezing Weather.

276. Painting shall not be done In damp or freezing weather except

under cover, and the steel must be free from moisture or frost when the

paint Is applied. Material painted under cover In damp or freezing

weather shall be kept under cover until the paint is dry.
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Mixing of Paint.

277. Paint shall be thoroughly mixed before applying, and the pig-

ments shall be kept in suspension by means of mechanical mixers.

Machine Finished Surfaces.

278. Machine finished surfaces of steel shall be coated with white

lead and tallow^ applied hot as soon as the surfaces are finished and

accepted by the Inspector.

(15) INSPECTION.
Facilities for Inspection.

279. Facilities for inspection of material and workmanship in the

mill, shop and field, shall be furnished by the Contractor and Erector to

the Inspectors, and the Inspectors shall be allowed free access to the

necessary parts of the premises.

Mill Orders and Shipping Statements.

280. The Contractor shall furnish the Engineer with as many copies

of material orders and shipping statements as the Engineer may direct.

The weights of the individual members shall be shown.

Notice of Roiling.

281. The Contractor shall give ample notice to the Engineer of the

beginning of rolling at the mill, and of work at the shop, so that inspec-

tion may be provided. No material shall be rolled nor work done before

the Engineer has been notified where the orders have been placed.

Cost of Testing.

282. The Contractor shall furnish, without charge, test specimens,

as specified herein, and all labor, testing machines and tools necessary to

make the specimen and full size tests.

Inspector's Authority.

283. The Inspector shall have the power to reject materials or work-

manship which do not come up to the requirements of these specifications;

but in cases of dispute, the Contractor or Erector may appeal to the

Engineer, whose decision shall be final.

Rejections.

284. The acceptance of any material or finished members by the

Inspector shall not be a bar to their subsequent rejection, if found

defective.

285. Rejected material or workmanship shall promptly be replaced

or made good by the Contractor or Erector.

(16) FULL-SIZE TESTS.

Full-Size Tests of Eye-Bars.

286. One eye-bar from each annealing charge shall be tested full-

size, if the Engineer so desires, but the number and size of the bars to
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be tested shall be stipulated by the Engineer before the mill order is

placed.

287. The test bars shall be of the same size as the bars to be used

in the structure and of the same length, within the capacity of the testing

machine. They shall be selected by the Inspector, preferably after anneal-

ing. Test bars representing bars too long for the testing machine shall

be selected from the full length bar material after the heads on one end

have been formed. They shall be cut to the greatest length which can be

tested. They shall have the second head formed upon them and shall

be annealed together with the bars which they represent.

288. Full-size tests of eye-bars shall show a yield point of not less

than 29,000 pounds per square inch, an ultimate strength of not less than

54,000 pounds per square inch, and an elongation of not less than 10 per

cent, in a length of 20 feet measured in the body of the bar. The frac-

ture shall show a silky or finely granular structure throughout.

289. If a bar fails to meet the requirements of paragraph 288, two

additional bars from the same annealing charge shall be tested. If the

failure of the first test bar is on account of the character of the fracture

only, the charge may be reannealed before the additional bars are tested.

290. If two of the three bars tested fail, the bars from the annealing

charge represented shall be rejected.

291. A failure in the head of a bar shall not be cause for rejection

if the other requirements are fulfilled.

292. A record of the annealing charges shall be furnished the

Engineer showing the bars included in each charge and the treatment

they receive.

293. Bars thus tested which meet the requirements of the specifica-

tions shall be paid for by the Company at the same unit prices as the

structure, less their scrap value. Bars which fail to meet the requirements

of the specifications, and all bars from rejected annealing charges, shall

be at the Contractor's expense.

(17) ERECTION.

Contracts Involving Fabrication and Erection.

294. In contracts involving erection by the Contractor, wherever the

word Erector is used in these Specifications, it shall be understood to

refer to the Contractor.

Notice of Beginning Erection.

295. The Erector shall give the Engineer formal notice of his desire

to begin operations, and no work shall be done until authority has been

received in reply to such notice.

Special Specifications for Erection.

296. Special supplementary specifications shall be prepared for each

contract involving erection. ThesQ specifications shall define the obliga-
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tion of the Company and the work to be done, and shall

state the conditions under which the work shall be done, such as traffic,

unloading and storing material, sidetrack facilities, work train, switching

and flagging service and transportation of men and equipment.

Storing Material.

297. Material which is unloaded and stored pending erection, shall

be laid on skids above the ground, so as to be kept clean and properly

drained. Material shall be so stored and handled as to avoid injury to

it. An}' piece damaged in handling by the Erector may be rejected, and,

if rejected, shall be replaced at his expense.

Work of Erector.

298. Unless otherwise agreed upon, the Erector shall furnish, erect

and maintain the falsework, take down the old bridge (if such exists),

erect the metal work of the new bridge complete, and, on completion of

the work, remove the falsework and other obstructions. Holes in the

masonry for anchor bolts shall be drilled by the Erector, who shall set

the bolts in Portland cement grout.

Falsework.

299. Before the erection is begun, the Erector shall submit to the

Engineer, for approval, plans for falsework and a complete description

of erection equipment and methods.

Lines, Levels and Marks.

300. The Erector shall erect the superstructure in accordance with

the lines and levels shown on the plans and indicated on the ground by

the Engineer. The erection marks and match-marks shall be followed.

He shall guard with care the marks and stakes set by the Engineer for

the Erector's use, or for the use of the Company or other contractors.

If such stakes or marks are injured, lost or removed, due to the Erector's

negligence, he shall bear the expense of having them reset.

Removing and Loading Old Structures.

301. In the removal of old structures the Erector shall follow the

directions of the Engineer in regard to the manner of dismantling, piling

and loading, and shall use care to preserve all parts intact for re-erection,

marking them in accordance with a diagram to be furnished him.

Removal of Tracks.

302. The Company will remove and replace its tracks on the struc-

ture when necessary.

Changes in Grade and Line.

303. If the track on the new structure is to be placed at an eleva-

tion or location different from that on the old, the Erector shall furnish
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the temporary material and do the work necessary to make the change

in a manner satisfactory to the Engineer. The Erector shall give due

notice to the Engineer of the time when he proposes to make such

changes so that the Company may make the changes in the approaches.

The methods to be used and the time to be selected for such changes

shall be subject to the approval of the Engineer.

Masonry Changes.

304. If the old masonry is to be rebuilt or modified to suit the

new superstructure, the Erector shall arrange his falsework and method

of erection to facilitate such reconstruction.

Field Riveting.

305. Field riveting shall be done to the satisfaction of the Engineer.

306. Rivets in splices of compression chords and trestle posts shall

not be driven until the abutting surfaces have been brought into contact

throughout, and submitted to the full dead load stress.

307. Field riveting preferably shall be done by pneumatic riveters of

approved make. A pneumatic backer shall be used for holding up when

pneumatic riveters are used for driving. Rivets over %-inch in diameter

shall not be driven by hand.

Field Painting by the Erector.

308. After erection, the heads of field rivets and parts where the

paint has been rubbed off in transportation or during erection shall be

given one coat of the shop paint by the Erector. The painting of the

field rivet heads shall be done promptly after their acceptance.

309. Parts not accessible for fainting after erection and not in

riveted contact, and the tops of stringers and girders which are to carry

ties, shall be given two coats of field paint by the Erector before erecting.

Other Field Painting.
'

310. After erection, the structure shall be cleaned and given two

coats of approved paint by the Erector.

Second Coat.

311. At least 48 hours must elapse between the applications of any

two coats of paint.

Bolts.

312. Bolts shall not be used instead of rivets except by special

permission of the Engineer.

Field Bolting.

313. Splices and field connections shall have 50 per cent, of the

holes filled with bolts and drift pins (of which one-fifth shall be drift

pins) before riveting. Splices and connections carrying traffic during

erection shall have 75 per cent, of the holes so filled.
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Operation of the Railroad.

314. The Erector shall not, without the special permission of the

Engineer, interfere with the operation of the railroad or the work of

other contractors, or close any thoroughfare by land or water.

Accidents and Damages.

315. The Erector shall take precautions to guard against accidents

and damage to persons and property, and any expense in consequence of

such accidents or damage shall be assumed by him.

Laws and Permits.

316. The Erector shall comply with Federal, State and local laws,

regulations and ordinances governing the work of erection, whether the

work involves rivers, canals or other waterways, city streets, roads or

other public thoroughfares, and he shall obtain all necessary permits.

Extra Work.

317. If, during erection, extra work upon the structure is found

necessary, owing to defective shop work or fitting, the Erector shall keep

an accurate record of the cost of such work. The Engineer shall be noti-

fied promptly upon the discovery of such defects. Claims for extra work

shall be verified by the Inspector.



Appendix.

Plate 1.

ys/ues ofA
0.6 0.5

Formula for Spacing Stiffcners of Plate Girders.

(f = 50; [6— )fe (4^ + 1)], in which

d = the distance between rivet lines of stiffeners in inches.

t = the thickness of web in inches.

M
k = the ratio — , but never less than 0.5.

L
This formula is derived from the formula,

t

d =— (12,000— s)

,

40

as given in "Modern Framed Structures," by Johnson, Bryan and

Turneaurc, Part III, page 174, and is based on shears derived from the

specification loading, and the assumption that the shear in the gross

area of the web at the end equals 10,000 pounds per square inch.
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REPORT OF COMMITTEE VIII—ON MASONRY.

F. L. Thompson, Chairman; J. ]. Yates, Vice-Chairman;

R. Armour, Noah Johnson,

G. E. Boyd, • M. S. Ketchum,

H. A. Cassil,
*

W. M. Kinney,

C. S. CoE, - W. S. Lacher,

T. L. Condron, a. E. Owen,

J. K. Conner, W. M. Ray,

C. S. Davis, C. P. Richardson,

J. L. Harrington, G. H. Scribner, Jr.,

W. K. Hatt, F. p. Sisson,

L. J. HoTCHKiss, J. E. Smith,

Richard L. Humphrey, Job Tuthill,

Committee.

To the American Railzvay Engineering Association:

Your Committee on Masonry presents herewith its annual report for

the year 1918.

The following Sub-Committees were appointed to deal with the sub-

jects assigned by the Board of Direction:

Sub-Committee (1). Make critical examination of the subject-

matter in the IManual and submit definite recommendations for changes.

A. E. Owen, Chairman; H. A. Cassil, C. S. Davis, M'. S. Ketchum.

The Committee has no recommendations to make at this time. The
question of revising the definitions in the Manual has received considera-

tion and it has been decided to completely revise this portion of the

Manual next year.

Sub-Committee (2). Report on designs and recommended specifica-

tions for construction of concrete culvert pipe.

Job Tuthill, Chairman; W. M. Kinney, G. H. Scribner, Jr., B. A.

Underwood.

Report on this subject appears in Appendix A.

Sub-Committee (3). Revise the specifications for plain and rein-

forced concrete and for steel reinforcement.

C. P. Richardson, Chairman ; R. L. Humphrej^ F. P. Sisson, H. A.

Cassil, J. J. Yates, T. L. Condron.

The Committee has no revisions to recommend at this time, but ex-

pect to further consider this subject next year, when it is hoped a final

report can be made.

Sub-Committee (4). Report on different methods of depositing con-

crete under water.

G. E. Boyd, Chairman
; W. M. Ray, A. E. Owen. R. Armour, F. L.

Thompson.

Report on this subject is given in Appendix B.
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Sub-Committee (5). Report on disintegration of concrete and cor-

rosion of reinforcing materials in connection with the use of concrete in

sea water.

J. J. Yates, Chairman
; J. E. Smith, R. L. Humphrey.

Report on this subject is given in Appendix C
Sub-Committee (6). Prepare specifications for slag aggregate.

W. S. Lacher, Chairman
; J. K. Conner, W. K. Hatt, Noah Johnson.

Report on this subject is given in Appendix D.

Sub-Committee (7). Report on:

(1) The effect upon the strength and durability of concrete not

having a sufficiency of moisture present throughout the

period of hardening as compared with concrete fully sup-

plied with moisture.

(2) Methods of providing moisture during the period of hard-

ening.

(3) Remedy for concrete hardened with insufficient moisture.

Report on this subject is given in Appendix E.

COMMITTEE MEETINGS.

In addition to several meetings of the Sub-Committees, two meetings

of the General Committee were held in the office of the Association at

Chicago, one on December 12, 1918, and the other on January 27, 1919.

SUGGESTIONS FOR FUTURE WORK.

1. Make critical examination of the subject-matter in the Manual
and submit definite recommendations for changes.

2. Revise the specifications for plain and reinforced concrete and

for steel reinforcement.

3. Report on different methods of depositing concrete under water.

4. Report on disintegration of concrete and corrosion of reinforcing

materials in connection with the use of concrete in sea water.

5. An investigation of the distribution of loads through ballast and
embankment as affecting the design of masonry structures.

Respectfully submitted.

The Committee on Masonry.



Appendix A.

CONCRETE CULVERT PIPE.

Job Tuthill, Chairman, Sub-Committee.

The subject assigned is the continuation of the work of Sub-Com-

mittee No. 5 of 1917, viz., "Report on Designs and Recommend Specifica-

tions for Construction of Concrete Culvert Pipe."

General conditions during the year have seriously limited the time

the Sub-Committee could devote to committee-work. An endeavor has

been made to ascertain a suitable value for the load, or pressure per

square foot to be used in designing concrete culvert pipe. While progress

has been made, the Sub-Committee feels that further invstigation as

to the distribution and transmission of pressures from engine loads and

earth fills is necessary before a conclusion can be reached.

A bibliography on this subject is presented as information, with the

request that the subject be continued for further studj'.

BIBLIOGRAPHY ON PRESSURE OR WEIGHT OF EARTH FILL

OVER CULVERTS AND PIPES.

1868—Craven, A. W.
Description of a line of large water-mains, laid by the Croton

Aqueduct Department of the City of New York and an inquiry

into the causes of failure of a few of them. 1868. (In Trans.
Amer. Soc. Civil Engrs., v. 1, p. 3.)

Experiments bearing on the question of superincumbent weight
on cast-iron pipe.

1878—Slauffer.
Peculiar case of failure in a water main. 1878. (In Trans.

Amer. Soc. Civil Engrs., v. 7, p. 14.)

Illustration and description of a hole in the top of a cast-iron

water pipe, caused by friction of sand on the outside of the pipe.

1883—Heley, A.
Stability of brick conduits. 1883. (In Jour. Assoc. Engng. So-

cieties, V. 2, p. 123-128.)

Distortion of brick conduits and sewers by external loading;
observations from actual construction; illustrated.

1891—Howe, Malverd A.
Some experiments to determine the strength of American vitri-

fied sewer pipe. 1891. (In Jnl. Assoc. Engng. Societies, v. 10, p.

283-303.)

Includes methods and results of making external load tests on
pipe.

1897—Barbour, F. A.
Strength of sewer pipe and the actual earth pressure in trenches.

1897. (In Jnl. Assoc. Engng. Soc, y. 19, p. 193-241.)

The trench experiments were designed to ascertain the pressure
created on a pipe, culvert, brick sewer or other structure built in

a trench, by the superincumbent earth. Details of testing methods
and results are given.
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1897—Clarke, D. D.
Distortion of riveted pipe by backfilling. 1897. (In Trans.

Amer. Soc. Civil Engrs., v. 38, p. 93-114. Paper No. 812.)

Observations on riveted steel pipe laid for the city of Portland,

Ore. As the greatest depression was not found uniformly at the

points where the pipe was buried the deepest, the conclusion seemed
unavoidable that the earth had not been properly tamped around the

pipe when the backfilling of the trench was being done. Method
of making tests and amount of distortion is given.

Results of tests made in the engineering laboratory: Cast-iron
pipe. 1897. (In Technology Quarterly, v. 10, p. 335.)

Summary of tests of cast-iron pipe made by applying loads on
the outside.

1898—61-inch cast-iron pipe line. 1898. (In Engng. Rec, v. 39, p. 51.)

Refers to tests made by T. C. Atwood at the Massachusetts
Institute of Technology in the spring of 1897; including experi-

ments on the deflection and breaking strength of cast-iron pipes

under loads concentrated at the extremities of a diameter.

1900—Coffin, Freeman C.

A few notes on cast-iron pipe. 1900. (In Jnl. New England
Water Works Assoc, v. 15, p. 41.)

Holds that aside from unusual pressure, external pressure need
not be considered in the design of the thickness of water pipes.

1905—Mohler, O. K., and M. F. Clements.
Pressures on culverts in high embankments. (Letters.) 1905.

(In Epgng.News, v. 53, p, 420-421, 447.)

Discussion on how the load of a culvert under a high embank-
ment should be computed.

1906—Patton, W. M.
Practical treatise on foundations, p. 118-120. Ed. 2. 1906.

New York. Wiley. 549 pp.
Contains data on formulas for computing earth pressure on

arch culverts.

1908—Meem, J. C.

Bracing of trenches and tunnels with practical formulas for

earth pressures. 1908. (In Trans. Amer. Soc. Civil Engrs., v. 60,

p. 1-100. Paper No. 1062.)

Bracing of tunnels made necessary by the pressure of earth
on the top and side; experiments on the arching eflfect of earth

pressures.

Talbot, A. N.
Tests of cast-iron and reinforced concrete culvert pipe. 1908-

(In Jnl. Western Soc. Engrs., v. 13, p. 376-432.)
Results of tests of pipe by external loading, with discussion on

the subject.

1908—Turneaure, F. E., and H. L. Russell.

Public water supplies, p. 553-554. 1908. New York. Wiley.
808 pp.

Contains data on stresses on pipe due to earth filling and other
outside forces.

1910—Meem, J. C.

Pressure, resistance and stabilitv of earth. 1910. (In Trans.
Amer. Soc. Civil Engrs., v. 70, p. 352-411.)

Experiments on the arching properties of sand and the pressure
of earth over brick sewer tunnels and other structures.
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1911—Cain, W.
Experiments on retaining walls and pressure on tunnels. 1911.

(In Trans. Amer. Soc. Civil Engrs., v. 12, p. 436-474. Paper No.
1192.)

Development of a theory of pressures of earth on the roof and
sides of a tunnel lining, based on the grain-bin theorj' of Janssen,
but modified to include the cohesive or shearing resistances of earth
in addition to the frictional resistances.

Hazen, A.
Of what thickness shall we make the walls of our large pipe

lines? 1911. (In Jour. New England Water Works Assoc, v. 25,

p. 29-59.)

Discusses stresses that come from the weight of the back-
fill; stresses due to the beam action of the pipe; stresses cumulative
in places.

1912—Fenkell, G. H.
Report to Board of Water Commissioners of Detroit on breaks

in the large water mains. 1912. (In Engng. News, v. 68, p. 762.)

States that the pressure due to earth filling will be felt seriously
only for very deep trenches and for large pipe, and in the case of
pipes passing under high embankments breakage has been known
to occur, but as far as known no trouble has been experienced in

Detroit from this cause.

Testing a 66-inch cast-iron pipe. 1912. (In Engng. Ncavs, v. 68,

p. 824.)

Account of test by outside loading.

1913—Hogg, T. H.
'

_

Stresses in circular pipes. 1913. (In Canad. Engr., v. 25,

p. 695.)

Gives calculation of stresses due to back fill.

Noble, Alfred, and Silas H. Woodward.
Dams, aqueducts, canals, shafts, tunnels. 1913. (In American

Civil Engrs. Pocket Book, p. 1121-1122. Ed. 2. 1913. New York.
Wiley. 1473 pp.)

An indication of the nature of the stresses on the outside
of tunnel linings.

Marston, A.
The Theory of Loads on Pipes in Ditches and Tests of Cement

and Clay Drain Tile and Sewer Pipe. (Bulletin No. 31, Iowa State
College of Agriculture and Mechanic Arts Experiment Station.

February, 1913.)

1913—Parker, Philip a Morley.
Control of water, p. 446. 1913. New York. Van Nostrand,

1055 pp.
Formula for capacity of pipes to resist unequal earth pressure.

1914—Metcalf, L., and Harrison P. Edd}-.

American sewerage practice, v. 1, p. 328-337, 467-512. 1914.

New York. McGraw. 3 vols.

Review of experiments and formula for earth pressure on
pipe; weight of backfilling; analysis of stresses on masonry arch
sections and their relation to external loads on pipe, etc.

Moyer, J. A.
Distribution of vertical soil pressures, drj'-sand tests recently

completed at the Engineering Experiment Station of the Pennsyl-
vania State College. 1914. (In Engng. Rec, v. 69, p. 608-609.)

Sharp, J.
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Some considerations regarding cast-iron and steel pipes, p.

50-72. 1914. London. Longmans. 142 pp.

The nature and extent of external loads to which pipes and
hollow cylinders are subjected and must be capable of carrying

without danger of collapse.

United States Cast Iron Pipe and Foundry Company.
Cast-iron pipe in all regular sizes, p. 19, 42, 43. 1914. Dar-

lington.

Cites numerous cases where water is conveyed from reservoirs

through cast-iron pipes, and method of calculating superimposed
load in order to insure safety.

1915—Conant, E. R.

Load tests of concrete pipe. 1915. (In Engng. News, v. 74,

p. 556-557.)

Details and results of testing concrete pipes by external load-

ing.

Etcheverry, B. A.
Irrigation practice and engineering; vol. 2, conveyance of water,

p. 241-242. 1915. New York. McGraw. 3 vols.

Formula for stress produced by weight of backfill over pipe.

Greathead, J. F.

Soil tests reported and safe underpinning methods in sand
described. 1915. (In Engng. Rec, v. 12, p. 631-633.)

Experiments to determine the greatest imposed load a certain

sand would safely stand without undue or progressive settlement,

also diagram showing distribution of vertical soil pressure.

Moyer, J. A.
Distribution of vertical soil pressures. 1915. (In Engng. Rec,

v. 71, p. 330.)

Gives results of experiments made at Pennsylvania State Col-

lege.

1915—Pile driving destroys a tunnel by clay pressure. 1915. (In Engng.
News, V. 74, p. 404-405.)

Nowhere had a pile actually touched the tunnel; the damage
was caused wholly by the crowding pressure of the clay.

Schlick, W. J.

Tests of some large reinforced concrete culvert pipe. 1915.

(In Concrete Cement Age, v. 6, p. 78-80.)

Pipes were tested to failure with sand boxes on top of pipe

;

the data show that the safe load for these pipes was somewhat less

than one-half the maximum load ; however, the series of tests is

so limited that no general conclusions can be drawn.
Smith, W. M.

Arch reinforced concrete conduits designad by the theory of

least work. 1915. (In Engng. Rec, v. 71, p. 648-653.)_

Method of finding earth pressure on arch conduits through
earthen embankments.

1916—Enger, Melvin L.

High unit pressures found in experiments on distribution of
vertical loading through sand. 1916. (In Engng. Rec, v. 73, p.

106-108.)

Results indicate practically no decrease in maximum intensity

of pressure with an increase in bearing area.

Same. Experiments on the distribution of vertical pressure
through sand. 1916. (In Railway Rev., v. .58, p. 129-132; Railway
Age Gaz., v. 60, p. 321-323.)

Fehr, B. R., and C. R. Thomas.
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Results of some tests to determine the distribution of vertical

pressure through sand. 1916. (In Engng. Contracting, v. 45, p.

306-309.)

Gives ilhistration of two types of apparatus used in making
tests, also results of tests showing percentages of loads transmitted
through sands.

Goldbeck, A. T., and E. B. Smith.
Apparatus for determining soil pressures. 1916. (In Proc.

Amer. Soc. Testing Materials, v. 16, p. 310-319.)

Description of method used for testing distribution of pressures
through earth fills.

Abstracts. Apparatus for determining soil pressures devised.

1916. (In Engng. Rec, v. 74, p. 48.) Soil pressure measuring de-
vice. 1916. (In Engng. and Contracting, v. 46, p. 180-181.) Device
to test soil pressure. 1916. (In Engng. News, v. 76, p. 339.)
Miller, M.

Test earth pressures in subway excavation. 1916. (In Engng.
Rec, V. 74, p. 291.)

Deflection measurements on timber rangers and computed val-

ues of pressures up to 50-foot depths reported.

1916—Sackett, R. L.

Distribution of vertical pressure through sand. (Letter.)

1916. (In Engng. Rec, v. 11, p. 398.)

Discussion on experiments by Melvin L. Enger.

1917—Fehr, R. B.

Distribution of pressure in earth due to concentrated external
loading. 1917. (In Engng. Contracting, v. 47, p. 480-482.)

Determination of the distribution of vertical pressures trans-
mitted from an externally applied load through various depths of
soil.

Fowler, G. L.

Tests of corrugated culvert pipe under a sand bed. 1917. (In
Railway Gaz., v. 26, p. 687-691.)

Investigations of the behavior of culverts under external
loading.

Brief abstract. 1917. (In Jnl. Amer. Soc. Mech. Engrs., v. 39,

p. 737-738.)

Goldbeck, A. T.
Distribution of pressures through earth fills. 1917. (In Proc.

Amer. Soc. for Testing Materials, v. 17, p. 641-661.)

Results of soil-pressure measurements made with the aid of an
apparatus already described before this Societ^^ Gives mechanical
analysis of sand used in tests and application of results, with dis-

cussion.

Abstracts. 1917. (In Good Roads, no. s., v. 14, p. 79-81;
Engng. and Contracting, v. 47, p. 589-590.) How are vertical loads
distributed through earth-fills? 1917. (In Engng. News, v. 79,

p. 116-117.)

Undercrossing wing wall designed to limit base pressure. 1917.
(In Engng. News, v. 79, p. 1054-1055.)

Calculations for earth pressure over culvert and method of
limiting it.

Marston, A.
The Supporting Strength of Sewer Pipe in Ditches and Meth-

ods of Testing, etc. (Bulletin No. 47, Iowa State College of Agri-
culture and Mechanic Arts Experiment Station, October 10, 1917.)



Appendix B.

DEPOSITIKG CONCRETE UNDER WATER.

G. E. Boyd, Chairman, Sub-Committee.

This subject was assigned to the Masonry Committee for report at

the 1912 convention, and considerable work was done in the way of pro-

curing data from the members and compiling same. Certain conclusions

were reached and were adopted by the Association for publication and

appear on pp. 293 and 294 of the 1915 edition of the Manual. The Com-

mittee feels that these conclusions require revision.

In view of the unsettled conditions during the past season it was not

thought desirable to attempt to go over the ground in this way at this

time, and this report is presented with the hope that it may promote dis-

cussion and result in additional information on means used and results

obtained from various methods of depositing concrete under water. The

Committee in making its report does so with the recommendation that

this subject be again assigned for consideration next 3'ear, as it does not

feel that any definite conclusions cvan be presented to the Association at

this time. There is, however, some data which the Committee believes it

is desirable to present to the Association as representing in its opinion the

best practices to be followed in depositing concrete under water.

1. In general, where it is possible, the depositing of concrete under

water should be avoided, even if such action results in additional expense

and possible delay to the work. There is always considerable uncertainty

as to the results obtained where concrete is deposited under water, and

the Committee beheves that where conditions will permit, the additional

expense and delay of avoiding it is well warranted.

2. In view of this uncertainty, the need of close supervision by men

competent to handle this class of work is of the utmost importance, and

concrete should never be deposited under water without experienced super-

vision. Many failures which have occurred in concrete deposited under

water, especially where the structure is located in sea water, can be

directly traced either to ignorance or lack of supervision. Frequently

the work is done under the supervision of men inexperienced in this class

of work rather than to go to the expense of hiring capable men.

Of the methods used, the following seem to give the best results:

1. The concrete is lowered in large buckets having a hinged bottom

which sets sufficiently far above the lower edge of the bucket so that it

may open freely downward when the bucket reaches the surface upon

which the concrete is to be deposited. The top of the bucket is left open,

and care is taken to see that the bucket is completely filled before lowering.

Efforts made to use a closed top bucket have not been successful, due to

the disturbance of the deposited concrete by inrush of water as the bucket

is withdrawn.
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2. The concrete may be passed through a vertical tube or tremie

reaching down to the surface upon which the concrete is to be deposited.

In this case the tube should be kept filled with concrete at all times, and

the flow should be as nearly continuous as practicable.

3. Jute or cloth bags, from two-thirds to three-fourths filled, have

been used successfully. These are placed in a header and stretcher system

so that the whole mass is interlocked.

4. Where it is difficult to construct a cofferdam or monolithic work

is not required, premolded concrete blocks of large dimensions have been

used successfully.

5. A concrete depositing bag made of canvas or other suitable mate-

rial is a variation of the bucket system. This is filled and the mouth of

the bag closed by one turn of a line so looped that a pull on the Hne

will release it. The bag is lowered mouth down to the surface upon

which the concrete is to be deposited, and a sharp pull on the line

opens the bag and permits the concrete to be deposited. This method

does not have the disadvantage of the closed top bucket, since the bag

will collapse as the concrete flows out.

There are a number of other methods that have been used, such as

depositing directly through the water; depositing a portion of the concrete

by one of the above methods in the corner of the form and the balance

progressively from wheelbarrows or buckets on the sloping surface, thus

gradually filling the form ; allowing the concrete to partially set in air

and then depositing it in a plastic condition ; depositing the concrete dry

without the use of water; attempting to grout a foundation composed of

riprap or coarse gravel by means of pipes sunk at intervals into the foun-

dation. Although occasionally fair results have been obtained, all of these

methods are dangerous, as they almost uniformly result in segregation of

the materials or the washing out of the cement.

Depositing With Drop Bottom Buckets.—The drop bottom bucket

should be so arranged as not to discharge the load until the bucket

reaches the surface upon which the concrete is to be deposited. In low-

ering the bucket, care should be taken that unnecessary wash is not

produced. This may be avoided by slowing up the operation when the

bucket is passing through the water. The bucket, when the load is dis-

charged, should be withdrawn slowly until clear of the concrete. In

depositing concrete under water by this method it is imperative that the

work be continuous and sufficiently rapid to insure bonding of the suc-

cessive layers. By this means the laitance formed can be brought to the

finished surface and later removed after the concrete has hardened. There

are a number of other types of buckets, such as the tipping bucket or

bottom dumping bucket. The use of all these should be avoided, as they

tend to stir up the material and wash out the cement.

Depositing Through Tremie or Vertical Tubes.—This device should

be about 14 inches or 16 inches in diameter, made up in sections so that

the length may be adjusted to the depth of the water. The joints should
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be made flanged and the tube put together with gaskets, in order to avoid

leakage of the water into the tube. The top should be flared, in order to

receive the concrete properly. The tube should be suspended in such man-

ner that it may be moved laterally as required. The upper end is placed

near the level of the working platform, while its lower end rests on the

surface upon which the concrete is to be deposited. When the operation

starts the tube should be filled in such manner that the concrete is not

permitted to drop down through the water. This is accomplished in

several ways : One is to place the bottom of the tube in a box, partially

filling it with concrete so as to seal the bottom, then lowering the box

into the position in which it is to be used. Another method is to plug the

tube with cement sacks or other material, which will be forced down as

the tube is filled with concrete. In both these methods undesirable ma-

terial is introduced into the concrete, but if the area to be covered is large

this is a matter of minor importance. However, the first deposits from

the tube should be kept away from the edge of the work. One requisite

of this method is that the tube must at all times be kept filled with con-

crete and the greatest care exercised to see that the charge is not lost in

moving it about the bottom. In case it is lost, the tube should again be

filled as at first. One of the disadvantages of this method is that unless

the greatest care is exercised, it is almost impossible to avoid losing the

charge occasionally. This will depend very largely on the quality of the

supervision exercised over the work. Another disadvantage of this

method is that the area over which it can be used is limited, and if it is

necessary to deposit concrete over a large area a number of tubes should

be used. With this method, as with all others, it is desirable that the

concrete be deposited continuously from the time the work is started until

it is brought above the water level or to the finished surface, which can

later be cleaned in the air after the concrete has hardened.

Considerable difference of opinion exists among Engineers as to

whether the concrete to be deposited by this method should be made wet

or dry. In the first case the concrete is made quite wet and the bottom of

the tremie submerged several feet below the surface of the concrete as

deposited. The material is allowed to flow out of the tube and seek its

own level. In depositing the concrete dry, just sufficient water is used

to make it plastic and the concrete is distributed by moving the foot of

the tremie over the surface. Good results apparently have been obtained

from each of these methods, but the opinion of the Committee is that the

dry method is preferable. If the concrete is deposited wet considerable

difficulty is encountered in keeping the tremie full and more or less

segregation of the materials is bound to occur. It is extremely difficult to

move the tube where sufficiently submerged in the concrete to permit the

wet concrete being used.

Bagging Method.—While the bagging method insures good concrete

and will prevent the formation of laitance, it is open to the objection

that a monolithic foundation is not secured. Where, however, the walls
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of the foundation formed by the bags will not be exposed to scour, the

Committee is of the opinion that the method will give satisfactory results.

This method can be used to advantage in sealing the foundations of coffer-

dams where it is impracticable to prevent inflow of water through crevices

in the bottom. In using this method it must be borne in mind that satis-

factory results cannot be obtained unless the bags are carefully placed by

hand, and this makes the service of a diver necessary except where placed

in very shallow water.

Premolded Concrete Blocks.—Premolded concrete blocks can be used

to advantage on a prepared foundation in large structures such as break-

waters, bulkheads, lighthouse foundations, seawalls—any heavy construc-

tion where the units can be large enough not to require bonding. The

blocks are usually molded in the air in units weighing from 15 to 20 tons,

and are deposited in place by the use of derricks.

Materials and Mixing.—Concrete to be deposited in water should be

of a richer mixture than when deposited in air, and a leaner mixture

than 1-2-4 should not be used. It is the opinion of the Committee that

only so much water should be used as will make the concrete of a plastic

consistency. Very dry concrete is as undesirable for this purpose as wet

concrete. It is the opinion of the Committee that washed gravel of

somewhat smaller size than used in the open air concrete will give the

best results. This is particularly true where the tremie method is used.

The sand should be free from loam and other material, and it is preferable

that washed sand be used where possible to obtain it. The aggregate

should be capable of producing dense concrete, and it is recommended

that tests be made of the materials available to determine the best

aggregate for this purpose.

Precautions.—In depositing concrete under water it is imperative that

the water be still and that the concrete shall not be exposed to current

until it is fully set. This requires that a cofferdam be constructed in

such manner as to insure quiet water within the cofferdam. One of the

essentials of depositing concrete by any of the above methods is that

the concrete be disturbed as little as practicable during the depositing,

thus avoiding the formation of laitance. It is impracticable in depositing

concrete in water by any method to entirely avoid laitance, and it is

therefore necessary on completing a section of concrete to see that the

laitance is entirely removed after the concrete has thoroughly sQt and

before the work is resumed. For this reason it is the opinion of the

Committee that when a job is started the concrete should be deposited

continuously until the finished surface is reached or the concrete brought

above the water level so that the laitance may be removed in the air, as

it is difHcult, if not impracticable, to entirely remove it under water.

The formation of horizontal construction joints under water should be

avoided.

The ordinary precautions used in depositing concrete in the air are

not sufficient when depositing concrete in water, and additional care must
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.

be observed in the latter case to prevent segregation of the materials, the

formation of laitance, and to insure proper setting of the mass. Because

of the fact that cold retards setting, the concrete should not be deposited

in water the temperature of which is low enough to cause serious

retardation. Concrete should be thoroughly mixed before it is deposited

in water and, therefore, hand mixing should never be permitted, but a

batch mixer used.



Appendix C.

REPORT ON DISINTEGRATING OF CONCRETE AND CORRO-
SION OF REINFORCING MATERIALS IN CONNECTION

WITH THE USE OF CONCRETE IN SEA WATER.

J. J. Yates, Chairman, Sub-Committee.

Your Committee has confined itself to a careful examination of pub-

lications bearing on the subject of concrete and reinforced concrete in

sea water. About seventy publications were reviewed, thirty-nine of which

have been selected as the best references on the subject, and are herein

submitted to the members as information.

The Committee is not prepared to give any conclusions or to make
any recommendations on the subject, but requests a reassignment, so that

the investigation may be continued.

Action of the Sea on Concrete; by Coignet.
Am. Soc. Civ. Eng., Vol. I, 1871, p. 110.

Statements on the physical and chemical action of the sea on concrete.
Concludes that impervious carbonate surface coat is formed, which if not
broken will protect the interior concrete from the chemical action of sea
water.

The Influence of Sea Water on Mortars ; by E. Candlot.
Engineering Record, November, 1897, p. 557.

A digest of experiments and observations made in France over a
period of forty years, under conditions adapted closely to practice ; also
discussion of other experiments.

An Example of the Decomposition of Concrete in Sea Water.
Engineering News, August Zl, 1908, p. 238.

Description of the disintegration of dock wall at Charleston Navy
Yard, Boston Harbor. (Illustrated.")

Examples of Tidal Injury to Concrete; by Tyrell Slurtzer.

Engineering News, October, 1908, p. 453.

Describes the action of sea water on concrete at Portland, Me.

Effect of Sea Water Upon Concrete ; by Edwin Thacher.
Trans. Am. Soc. Civ. Eng., Vol. XLI, December, 1908, p. 42.

Gives a comparison of American and foreign practice.

Reinforced Concrete Pier Construction; by Eugene Klapp (with discus-
sion).

Am. Soc. Civ. Eng., Vol. LXX, 1908, p. 448.

Description of materials used in construction of concrete piers.

Discussion of the Effect of Alkali on Concrete ; by G. C. Anderson.
Am. Soc. Civ. Eng., Vol. LXVII, 1910, p. 572. Discussion by R. L.

Humphrey, Vol. LXVII, June, 1910, p. 598.

Described experiments made at Atlantic City,. N. J.

Methods of Employing Concrete in Sea Water and Examples of Typical
Marine Structures of Concrete; by Chanlar Davis.
Engineering and Contracting, August 31, 1910.
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Abstract of paper read at convention of National Association of

Cement Users. (Illustrated, 4,000 words.)

Detail Report of Aberthaw Construction Company Tests at the Charleston

Navy Yard, Boston.
Cement Age, October, 1911.

Reinforced Concrete in Hydraulic Works; by John Sewell.

Engineering News, Vol. LXVII, May 30, 1912, p. 1029.

Papers No. 30-34 presented to the International Congress held in

Philadelphia, Pa., May 23-27, 1912, by Richard L. Humphrey, M. Jacqimot,

R. W. Vawdrey, Hungarian State Water Survey, and M. Mederico Perilli,

respectively, are reviewed and summarized under the following headings

:

Durability of concrete ; resistance to abrasion ; resistance to chemical
action; freezing in contact with water and conclusions.

Destruction of Concrete between Tides in Sea Water ; by Wm. B. Mac-

Engineering News, Vol. LXVIII, July 4, 1912, p. 28.

A discussion of review made by John S. Sewell, published in Engi-
neering News, Vol. LXVII, May 30, 1912, p. 1029, referred to above.

Alkali Action on Concrete, Investigation by the U. S. Reclamation
Service; by J. Y. Jewett.
Engineering Magazine, Vol. XLIV, November, 1912, p. 267.

An outline of the method of investigation to be made by the Service.

Abstract from report entitled, "Action of the Salts in Alkali Water on
Cement"; by P. H. Bates, A. J. Phillips and R. J. Wig.
Technologic papers of the Bureau of Standards No. 12, November 1,

1912.

The report, which consists of 157 large pages, is covered in a general
summary, which includes 16 tentative conclusions. These are based on
results of experiments covering three and one-half (3^2) years at Atlantic

City, N. J.

Action of Alkali and Sea Water on Concrete.
Engineering News, Vol. LXX. July 10, 1913, p. SO.

The U. S. Bureau of Standards Report.

Four Year Test of the Efifect of Sea Water on Concrete.
Engineering News, Vol. LXX, November 20, 1913, p. 1023.

A description of the test piles made by the Aberthaw Construction
Company after four years' exposure to sea water at Boston, Mass.

Action of Sea Water on Concrete, Six Year Test of 23 Moulded Piles

;

test conducted by the Aberthaw Construction Company.
Engineering Record, Vol. LXIX, March 21, 1914, p. 344.

Gives large photographs of test piles which show clearly the action

of the sea water, with the notes covering each specimen.

Results of Tests to Determine the Action of Sea Water on Concrete.
Engineering and Contracting, Vol. XLI, May 6, 1914, p. 516.

Aberthaw Construction Company tests.

Account of Tests of the Action of Sea Water on Concrete.
Concrete-Cement Age, June, 1914, p. 273.

Report on the test specimens of the Aberthaw Construction Company
at Boston, Mass.

Factors Controlling the Durability of Concrete in Sea Water; by F. W.
Huber.
Western Engineering, November, 1914.
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Explains the chemistry of the action of sea water upon concrete

:

discusses failures, successful work and remedies proposed to improve
cement for this use.

Disintegration of Concrete and Corrosion of Reinforcing Metal.
Am. Ry. Eng. Assoc, Vol. XV, 1914, p. 564.

Includes a discussion of concrete in sea water with conclusion.

Some Experiences with Concrete in the Republic of Panama; by Alex
P. Crary.
Engineering News, February 4, 1915.

Gives effect of sea water on concrete. (Illustrated, 2200 words.)

Reinforced Concrete Docks ; by H. S. Taft.
Am. Soc. Civ. Eng., Vol. LXXVIII. 1915, p. 1058.

Foreign and American structures, failures, costs and general consid-
erations, with discussion.

Reprint of Report on the Destructive Action of Sea Water on Concrete
and Methods of Guarding against it; by W. W. Pagon.
Monthly Journal of the Engineers' Club of Baltimore, April, 1916.

Gives conclusions based on review of subject matter in the Library
of the Am. Soc. Civ. Eng.

Characteristics Required of Concrete to Resist Action of Sea Water;
by W. W. Pagon.
Engineering and Contracting, May 24, 1916; Engineering Record, Vol.

LXXIII, May 27, 1916, p. 702: Concrete, Vol. IX, October, 1916, p. 112.

Conclusions submitted after a careful study of the various articles

dealing with the action of sea water on concrete.

Qualities Required of Concrete to Resist the Action of Sea Water; bv
W. W. Pagon.
Engineering and Mining Journal, July 29, 1916, p. 102.

Bad Effects Resulting from the Use of Salt Water in Reinforced Con-
crete Structures Built in Tropical Countries : by J. L. Harrison.
Engineering and Contracting, Vol. LXVI, November 22. 1916. p. 443

;

Engineering News, Vol. LXXVI, November 30. 1916, p. 1047. (Abstract.)
Review of many structures in ^the Philippine Islands. Concludes

that the cause of cracking and failing of reinforced concrete structures is

due to use of salt water, porous concrete, chlorine in air, or all combined.

The Effect of the Use of Salt Water for Gaging Concrete on the Life of
the Reinforcing Steel Embedded therein ; by J. L. Harrison.
Monthly Journal of the Engineering Club of Baltimore, December,

1916.

Concludes that the gaging of concrete with salt water in the Philip-
pine Islands was dangerous. (Illustrations.)

Tests of Concrete Specimens in Sea Water at Boston Navy Yard; by
R. E. Bakenhus.
Transactions Am. Soc. Civ. Eng., Vol. LXXXI. December, 1917, p. 645.
A report of the behavior of the twenty-four test pieces made by the

Aberthaw Construction Company after having been exposed to the sea
water for seven years. Also discussion. (Illustrated, 2000 words.)

The Effect of Sea Water on Some of the Concrete Structures in the
Philippine Islands: by J. L. Harrison.
Engineering and Contracting, June 27, 1917.
Concludes by chemical analysis of specimens taken from various

structures in the Philippine Islands that chemical action does take place
in tidal tropical water. (Illustrated, 2000 words.)



710 Masonry.

Public Works of the Navy, Bulletin 27, July, 1917; Bulletin 28, October,

1917.

Report submitted by the Bureau of Standards to the Bureau of Yards
and Docks of the Navy Department, covering investigation of the action

of sea water on concrete.

What Is the Trouble vv^ith Concrete in Sea Water; by Rudolph J. Wig
and Lewis R. Ferguson.
Engineering News Record, Vol. LXXIX, September 20, 1917, p. 532.

First of a series of five papers on the deterioration of concrete in sea

water. Reports are based on an examination of 146 structures in the

United States, Canada, Cuba and South America. (Illustrated, 2000

words.)

Plain Concrete in Sea Water Must Be Protected against Abrasion; by
Rudolph J. Wig and Lewis R. Ferguson.
Engineering News Record, Vol. LXXIX, October 4, 1917, p. ^1.
The second of a series of five articles.

Reinforced Concrete in Sea Water Fails from Corroded Steel; by
Rudolph J. Wig and Lewis R. Ferguson.
Engineering News Record, Vol. LXXIX. October 11, 1917, p. 689.

The third of a series of five articles stating that "Percolation of salt

water or salt air to reinforcing steel causes rusting with subsequent

expansion and resulting failure of structure ; remedies are difficult to find."

(Illustrated.)

Selection of Materials for Sea Water Concrete; by R. J. Wig and Lewis
R. Ferguson.
Engineering News Record, Vol. LXXIX, October 18, 1917, p. m.
The fourth of a series of five articles, stating that "Any standard

Portland cement may be considered safe as may also sea water gaging;
great care should be exercised in choosing aggregate." (Illustrated.)

Good Workmanship Necessary to Make Sea Water Concrete Safe ; by
R. J. Wig and Lewis R. Ferguson.
Engineering News Record, Vol. LXXIX, October 25, 1917, p. 794.

The last of a series of five articles stating that "Correct proportions,

judicious use of water, tight forms, a good contractor and efficient inspec-

tion are needed to bring concrete to proper condition to resist sea water
action." (Illustrated.)

Spalling of Reinforced Concrete in Moist Locations ; by F. E. Turneaure.
Engineering News Record, Vol. LXXX, January 3, 1918, p. 46.

States that "Spalling is due to alternate wetting and drying of con-

crete." (Illustrated.)

Comment on the Behavior of Sea Water Concrete.
Engineering News Record, Vol. LXXX, February 7, 1918, p. 264, and

March 21, 1918, p. 575.

A discussion of the articles on concrete in sea water which were
written by R. J. Wig and Lewis R. Ferguson.

Are Spirally Wound Concrete Piles Safe in Sea Water; by A. C. Cheno-
with.

Engineering News Record, Vol. LXXX, May 9, 1918, p. 926.

A short discussion of Chenowith piles with reference to the articles

published in Engineering News Record during September and October,

1917.
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Effect of Sea Water on Concrete.

Concrete, Vol. XIII, July, 1918, p. 35. •

Points out the need for careful determination to provide against the

probable action of sea water on concrete hulls of ships.

Reinforced Concrete in Harbor Works; by A. F. Dyer.
Canadian Engineer, Vol. XXXV, September 26, 1918, No. 13, p. 277.

Discussion of experience with reinforced concrete in harbor work at

Halifax, N. S., extending over a period of several years.



Appendix D.

PREPARE SPECIFICATIONS FOR SLAG AGGREGATE.

W. S. Lacher, Chairman, Sub-Committee.

After a study of the data available on the properties of slag and of

specifications for slag as an aggregate in concrete, your Committee does

not feel warranted in submitting a specification for adoption by the Asso-

ciation. The following discussion of this subject is submitted as informa-

tion. This applies to the use of slag as the coarse aggregate only.

The Committee believes that the general requirements for coarse

aggregates for use in concrete as specified in paragraph 4, page 282, of the

Manual, may be applied to blast furnace slag without modification.

Further requirements for slag in current specifications examined

cover such matters as origin, method of cooling, age, weight, strength

and chemical limitations. At the end of this report a table is presented

which lists the requirements of ten specifications for slag to be used in

concrete and which demonstrates a marked lack of uniformity. We offer

the following comments

:

As to origin, only two specifications definitely called for blast furnace

slag, all others read so as to permit the products of the steel furnace

as well as the blast furnace.

Air cooling is general and represents the type of material desired.

This can be required without causing any commercial difficulties. When
it comes to the matter of age or time of seasoning, the case is not so

clear and the requirements vary. Some specifications demand a year's

seasoning, others permit the use of the material after two or three weeks.

The necessity for this depends on the nature of the slag. According to

Sanford E. Thompson, a limestone slag (one containing only 1 to 2 per

cent, of magnesia) is not stable until seasoned for considerable periods,

while a magnesia slag (one containing 4 per cent, or more of magnesia)

is commonly used within two or three weeks after banking, as no chemical

change is apparent on exposure.

The weight is the most definite requirement and concerning which

there is the greatest uniformity. Seventy pounds per cu. ft. would seem

to be a conservative yet reasonable figure.

Strength requirements are considered as impractical and without

adequate precedent. Those discovered apply only to materials to be used

in pavements where resistance to abrasion or surface impact is important.

Chemical limitations are placed in specifications for slag presumably

to exclude materials containing unstable compounds or elements of a

disintegrating or corrosive nature. The content of sulphur receives the

widest attention in this regard and the limitation has been variously

stated at from 1 to 2 per cent, where it is covered in the specification.

The presence of unslaked lime seems to be of more vital importance

since the presence of this material would obviously tend toward unsound-
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ness of the slag on exposure to moisture unless neutralized by acid

ingredients. It is because of this that some specifications place the limita-

tions on the lime content and specifiy a minimum amount of silica to

insure that enough of the SiOs radical shall be present to stabilize the

CaO. As some users of slag are of the opinion that the seasoning of the

material in a bank exposed to the weather would insure the elimination

of any free lime and as there appear to be no test data available tending

to demonstrate the adequacy and efficacy of these chemical requirements

for sulphur, lime or silica, the Committee does not feel qualified to make

any definite recommendation in this regard.

In using slag in concrete it is necessary to include a requirement

in the specification for the concrete that will insure proper proportions.

Very strong concrete may be made with slag if the proportion of cement

and fine and coarse aggregates are such as to provide high density, but

owing to the porous nature of most slags, somewhat larger quantities of

cement and fine aggregate will be required to obtain the desired density

than is the case of most ordinary materials used as coarse aggregates.

Specification Requirements for Slag.

Authority
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mens a few days' moisture is helpful to the strength and wearing qualities,

while provision for moisture for several weeks will produce results almost

equal to those which would be obtained with continuous favorable storage

conditions.

While the results on small specimens only approximate the results

to be expected where large masses of concrete are used, it is not unrea-

sonable to assume that particularly where the concrete is to be used as

a wearing surface, great improvement in the strength and wearing qualities

can be obtained by providing moisture to the hardening concrete for sev-

eral weeks after the concrete is mixed and placed. The usual specifications

for concrete roads provide that concrete shall be covered with earth or

other similar material and kept moist for two weeks. Floor specifications

are also being changed to provide for similar protection. The better floor

contractors now cover the newly laid floor with sand and keep the

floor sprinkled for from several days to two weeks. A marked im-

provement in wearing qualities is noticeable. In mass concrete, while

provision for moisture is desirable and should be encouraged where prac-

ticable, it is not absolutely imperative as mass rather than high strength

is sought.

In all reinforced concrete structures, however, some provision shouW

be made to prevent the rapid drying out of the concrete, which almost

invariably occurs during the summer months. Many contractors have ob-

served that concrete placed in the early spring and late fall, and many
claim in the winter, shows far more satisfactory results than concrete

placed in middle summer. This difference, no doubt, arises from failure

to provide plenty of moisture to the rapidly hardening concrete in sum-

mer. All concrete should be protected from the direct rays of the sun

and unless the expense is absolutely prohibitive, sprinkled for from sev-

eral days to several weeks, depending upon the character of structure.





EFFECT OF QUANTITY OF MIXING WATER AND CURING
CONDITIONS ON THE STRENGTH AND WEAR

OF CONCRETE.

By Duff A. Abrams.*

Introduction.

The necessity for careful restriction on the quantity of mixing water

used in concrete, and the importance of proper curing conditions during

the period of setting and hardening are not generally appreciated by

engineers and contractors doing concrete work. In view of the wide-

spread use of concrete in the construction of pavements, floors, loading

platforms, and in other places requiring high strength and resistance to

abrasion, it seemed desirable to carry out an experimental study which

would bring out the effect of water content and curing conditions on

the compressive strength and the wearing resistance of concrete, and the

relation between these two properties. •

These tests were made as a part of the experimental studies of the

properties of concrete and concrete materials, being carried out through

the co-operation of Lewis Institute and the Portland Cement Association

at the Structural Materials Research Laboratory, Lewis Institute, Chicago.

This series comprised compression tests of 120 6 x 12-inch cylin-

ders and wear tests on 300 blocks, 8 inches square and 5 inches in thick-

ness. A 1-4 mix was used throughout, that is, 1 volume cement and 4

volumes mixed aggregate. This mix is about the same as the 1-1^-3 or

1-2-3 mixes generally used for concrete which is to withstand high stresses

or to form the wearing surface of pavements. Most of the tests were

made on sand and pebble aggregates. One group was repeated with

crushed limestone as coarse aggregate.

Concrete of six different consistencies was used, each being stored

under four different conditions

:

(1) Damp sand 4 months, tested damp.
(2) Damp sand 21 days, air 99 days.

(3) Damp sand 3 days, air 117 days.

(4) Air of laboratory for entire curing period of 4 months.

Parallel tests were made throughout on compression and wear. All

tests were made at the age of 4 months.

The wear blocks were tested in the Talbot-Jon^s rattler by the same

methods that were used in other tests carried out in this laboratory.!

Pixjfessor in Charge of Structural Materials Research Laboratory, Lewis
Institute, Chicago.

tSee "A Method of Making Wear Tests of Concrete" by D. A. Abrams,
Proc. American Society for Testing Materials, Part II, 1916; also "Effect of
Time of Mixing on the Strength and Wear of Concrete," by D. A. Abrams,
Proc. American Concrete Institute. 1918.
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Acknowledgment is due to the Chicago Gravel Company, Chicago,

for their courtesy in furnishing the sand and pebble aggregate used in

these tests, and to Dolese & Shepard, Chicago, for the crushed limestone.

Materials.

The Portland cement used in these tests consisted of a mixture of

equal parts of four brands purchased in the Chicago market. The brands

were thoroughly mixed by placing one sack of each in a concrete mixer

and running for about one minute. Complete tests of the cement are

given in Table 1.

The aggregates consisted of sand and pebbles from the Chicago

Gravel Company's plant near Elgin, 111., and crushed limestone from

Dolese & Shepard Company's quarry. Before using, the sand was screened

through a No. 4 sieve. All material coarser than this size was rejected.

The sand was used without further screening, but care was taken to see

that the material in the bin was thoroughly mixed so that it was uniform

throughout the series. Pebbles and crushed limestone were screened to

three different sizes (No. 4-H, H'H, and ^A-VA inches) and recombined

in definite proportions for each batch, as shown by the sieve analyses in

Table 2.

The water was from the city water supply obtained from Lake Mich-

igan.

The weights per cubic foot of aggregates were determined by means

of machined, cast-iron measures having capacities of Vs and 14 cubic foot.

The Vs cubic foot measure was used for the sand and the J4 cubic foot

for the coarse aggregates and the mixed aggregates. The inside diameter

of each measure is equal to the depth. The test was made by filling the

measure about one-third full and puddling wath a -5^-inch steel bar pointed

at the lower end. Filling and puddling were continued in like manner

until the measure was full. After striking off with a straight-edge the

weight was determined. This is the method recommended by Committee

C-9 on Concrete of the American Society for Testing Materials, but the

method has not yet been standardized by the Society.

The absorption of the aggregate was determined as follows:

The sand was dried to constant weight and cooled to room tempera-

ture in a desiccator. A 500-g. sample w-as placed in a 500-cc. volumetric

flask and the volume of water necessary to fill to mark carefully meas-

ured. At frequent intervals the flask was filled to mark. The zero

volume was obtained in the same manner, except that the sand was coated

with kerosene to prevent absorption of water. This is an adaptation of

Rea's method for determining specific gravity of fine aggregates.*

The coarse aggregate was dried to constant weight, cooled to room

temperature and weighed, then immersed in w-ater at room temperature.

*See "Apparent Specific Gravity of Non-Homogeneous Fine Aggregates,

"

by A. S. Rea, Proc. A. S. T. M., Part II, 1917.
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At frequent intervals it was removed from the water, quickly surface-

dried with a towel and weighed. Our experience with these methods

indicates that the absorption at about 3 hours gives the best results in

estimating the quantity of water necessary for concrete mixes.

Proportioning and Mixing Concrete.

In all the tests included in this report the concrete consisted of a

1-4 mix by volume; that is, 1 volume of cement to 4 volumes of mixed

aggregate, considering 94 pounds of cement as 1 cubic foot. This mix

is equivalent to the l-VA-S or 1-2-3 mixes generally used for one-course

concrete road construction. The exact equivalent of our 1-4 mix when

expressed in the customary manner will depend on the size and grading

of the aggregate.

The concrete was mixed by hand in the manner regularly followed

in making such tests in this laboratory. Each specimen was made from

a separate batch of about Vs cubic foot, which was proportioned separately

and mixed with a bricklayer's trowel in a shallow metal pan. This method

leaves no uncertainty as to the exact quantities of materials in each

specimen.

The term "consistency" as used in this report refers to the plasticity

o.f the concrete ; that is, the relative and not the actual quantity of mixing

water. It has been found convenient to express the quantity of water

used in the concrete in terms of the volume of cement. This so-called

water-ratio has been shown to be the best criterion of the strength of

the concrete.

The consistency which we have called "normal" (relative consistency

= 1.00) is of such a plasticity that a 6 x 12-inch cyHnder of 1-4 concrete

will "slump" ^ to 1 inch upon removal of the metal form by a steady,

upward pull immediately after molding the specimen. Concrete of relative

consistency of 1.10 will show a slump of 5 to 6 inches; 1.25, a slump of

8 to 9 inches.

Test Pieces.

This report covers compression tests of 6 x 12-inch concrete cylinders

and wear tests on concrete blocks 8 inches square and 5 inches in thickness.

The 6 X 12-Inch cylinders were molded in metal forms made of 12-inch

lengths of 6-inch inside diameter cold drawn steel tubing, which had been

split along one element by means of a thin slotter. The form was closed

by a circumferential band. Each form stood on a machined, cast-iron

base plate. A thin sheet of paraffined tissue paper was placed between

the base plate and the cylinder form.

In molding the cylinder the form was filled about one-third full and

the concrete puddled with a 54-inch steel bar about 21 inches long. Filling

and puddling were continued until the form was full. The top was
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leveled off with a bricklaj^er's trowel. About 3 to 4 hours after molding,

a thin layer of neat cement paste (which was mixed at the same

time or before the concrete) was spread over the top of the cylinder.

A piece of plate glass and a sheet of paraffined paper were used to

form a cap, which made a smooth, square end for loading. The glass

remained in place until the form was removed. This method of capping

is much better than setting the specimens in plaster of paris or a cement-

plaster mixture immediately before testing. It has the following ad-

vantages :

(1) The cap is just as strong and stiff as the concrete and forms
an integral part of the specimen.

(2) The time and labor required is a small part of that necessary

with the plaster method.

(3) The plate glass prevents evaporation of water during the period

the concrete is in the form.

(4) The cylinder is ready for test at any time without further prep-

aration.

The metal forms for the wear blocks were made in gangs of three.

The form was set on a sheet of building paper laid directly on the con-

crete floor. The form was filled before puddling. The top was leveled

off with a trowel. After a period of one to two hours the tops of the

blocks were finished by hand with a wood float. Instead of capping, the

blocks were covered with a sheet of wet building paper and about 3

inches of damp sand. This method prevented loss of water while the

blocks were in the forms.

All test pieces were allowed to remain in the metal forms over night.

Upon removal of the forms they were stored in the manner indicated

in Table 4. Two cylinders and five wear blocks were made in each group

before the duplicate sets were begun. The duplicate sets were made

two to four weeks after the first.

Methods of Testing.

The compression tests of concrete were made in a 200,000-pound Olsen

universal testing machine. A spherical bearing block was used on top

of the cylinders.

Wear tests of concrete were made in the Talbot-Jones rattler. The

test pieces consist of blocks 8 inches square and 5 inches in thickness.

The blocks are arranged around the perimeter of the drum of the rattler,

as shown in Fig. 1. Ten blocks constitute a test set. The ten-side polygon

formed by the test blocks presents at nearly continuous surface. The

outside diameter of the polygon thus formed is 36 inches and the inside

diameter 26 inches. During the test the front of the chamber is closed

by means of a light steel plate. The abrasive charge consists of 200

pounds of cast-iron balls (about 133 V^ inches and 10 3}i inches in

diameter). These balls conform to the requirements for the standard

rattler test of paving brick of the American Society for Testing Ma-

terials.
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The test consists of exposing the inner faces of the concrete blocks

to the wearing action of the charge for 1800 revolutions at the rate of

30 revolutions per minute. The machine w^as run for 900 revolutions in

one direction, then reversed. Two sets of blocks are tested at once in

the machine now in use. Each block was weighed upon removal from
the form, upon removal from the damp sand, immediately before and

after testing. The loss in weight daring the test is used as a measure

Fig. 1—Talbot-Jones Rattler with Concrete Wear Blocks in Place.

Wear tests were made on blocks 8 inches square, 5 inches

thick.

of the wear. This loss is reduced to an equivalent depth of wear in

inches.

Absorption tests were made on two wear blocks from each set of 10.

The tests were made when the blocks were about one year old, after hav-
ing been stored in the open air in the laboratory during the period fol-

lowing the wear test. The blocks were dried to approximately constant

weight on a steam radiator, weighed and immersed in water at room
temperature. At various intervals they were removed from the water,
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allowed to drain for about 5 minutes and weighed. The gain in weight

was reduced to an equivalent volume of absorbed water.

Discussion of Tests.

The tests included in this report consisted of compression tests of

120 6 X 12-inch concrete cylinders and 300 wear tests of 8 x8x 5-inch

blocks, as well as miscellaneous tests of cement and aggregate. A 1-4

mix was used throughout, with aggregate graded up to 1^ inches. In

Fig. 2

—

Talbot-Jones Rattler with Head Closed Ready for Test.

The machine was operated for 1800 revolutions at 30 revolu-

tions per minute. The abrasive charge consisted of 200 pounds

of cast-iron balls.

general the coarse aggregate was pebbles ; in one group of tests a crushed

limestone was used. This mix is approximately the same as that gen-

erally used in one-course concrete road construction. Four different

curing conditions were used for pebble aggregate as follows

:

(1) Damp sand 4 months, tested damp.
(2) Damp sand 21 days, air 99 days.

(3) Damp sand 3 days, air 117 days.

(4) Air of laboratory for entire curing period of 4 months.
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Group (1) was repeated, using crushed limestone as coarse aggregate.

All compression and wear tests were made at age of 4 months. Average

values from the strength and wear tests are given in Table 4.

Effect of Quantity of Mixing Water on the Strength of Concrete.

Fig. 3 gives the results of the tests on the effect of quantity of mixing

water on the compressive strength of concrete. A separate curve has

been drawn for each curing condition. An average curve from these

tests will be found in Fig. 8. The remarkable influence of the quantity

of mixing water on the strength, other factors being the same, is clearly

shown by these curves. It will be remembered that the consistency which

we have called 1.00 (normal consistency) is such that a 1-4 mix gives a
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obtained with the same cement content. For wetter mixes the strength

would be still further reduced.

In general it will not be feasible to use concrete of a consistency

which will give maximum strength, since it is somewhat too stiff for satis-

factory workability. In concrete road work where hand finishing is used

the concrete must be mixed to a consistency varying from 1.10 to 1.15.

In other words, we must sacrifice a portion of the possible strength of

the concrete in order to secure a workable mix. This consistency will

give a slump of 5 to 7 inches. If machine finishing is employed the con-

crete can be mixed to a consistency corresponding closely to maximum
strength. In reinforced concrete work there is in general little excuse

for using mixes wetter than 1.25 consistency, corresponding to a slump

of 8 to 9 inches.

The average curves in Fig. 8 have been platted in terms of the water-

ratio instead of the relative consistencies, although relative consistencies

are also shown. The water-ratio is the ratio by volume of water to cement

in the batch.

Further Discussion of Effect of Quantity of Mixing Water on the

Strength of Concrete.

Many series of tests made in this laboratory have fully established

the fundamental importance of the quantity of mixing water on the

strength of concrete.

'O .so I.OO /.so 200 2 so 3.00 3.SO 4.00

Wafer- Ratio to Vo/ume of Cement ^- x
Fig. a—Effect of Quantity of Mixing Water on the Strength of

Concrete.

Compression tests of 6 x 12-inch cylinders at age of 28 days.

Each value is the average from five tests. Details of tests not

given in this report.

Fig. 4 gives the average values from a series of tests of this kind

in which the compressive strength is platted against the water-ratio of
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the concrete. In this series the mixes ranged from 1-15 up to neat cement.

The consistencies were varied over a wide range. The size of the aggre-

gate ranged from a very fine sand to a coarse concrete aggregate, for all

combinations of mix and consistency. Further details of these tests are

not given in this report.

In the figure distinguishing marks were used for each mix, but no

distinction was made between aggregates of different sizes or concretes

of different consistencies. When the compressive strength is platted

against the water content in this way a smooth curve is obtained due to

the overlapping of the points for different mixes, consistencies, etc. Val-

ues from the dry concretes have been omitted from the diagram; if these

were used we should obtain a series of curves dropping downward to

the left from the curve shown. It is seen at once that the size and grading

of the aggregate and the quantity of cement are no longer of any import-

ance except in so far as these factors influence the quantity of mixing

water required to produce a workable concrete. This gives an entirely

new conception of the function of the constituent materials entering into

a concrete mixture.

The equation of the curve in Fig. 4 is of the form

A
S=

where 5" is the compressive strength of the concrete and x is the ratio

of the volume of water to volume of cement in the batch (water-ratio).

A and B are constants whose values depend on the quality of the cement

used and on other conditions of the test.

The values of the constants in these tests are shown on the diagram.

This equation expresses the law of the strength of concrete so far as

variations in the proportions of materials are concerned. It is seen that

for given concrete materials the strength depends on only one factor

—

the water-ratio. Equations which have been proposed for this purpose

in the past contain terms which take into account such factors as quan-

tity of cement, proportions of fine and coarse aggregate, voids in aggre-

gate, etc., but they have uniformly omitted the only item which is of

any importance; that is, the water. The relation given above holds so

long as the concrete is not too dry for maximum strength, and the aggre-

gate not too coarse for a given quantity of cement; in other words, so

long as we have a workable concrete.

The strength of the concrete responds to changes in water, regard-

less of the reason for these changes. The water-ratio may be changed

due to any of the following causes

:

(1) Change in mix (cement content).

(2) Change in size or grading of aggregate.

(3) Change in relative consistency.

(4) Any combination of (1) to (3).

In certain instances a 1-9 mix is as strong as a 1-2 mix, depending

only on water content. It should not be concluded that these tests indi-
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cate that lean mixes can be substituted for richer ones without limit.

We are always limited by the necessity of using sufficient water to secure

a workable mix. So in the case of the grading of aggregates. The work-

ability of the mix will in all cases dictate the minimum quantity of water

that can be used. The importance of the workability factor in concrete

is therefore brought out in its true relation.

The problem of designing concrete mixes resolves itself into this

:

To produce a workable concrete with a given water-ratio using a

minimum of cement ; or the converse, to produce a workable concrete

which has the lowest water-ratio for a given quantity of cement. The

methods of securing the best grading of aggregate and th€ use of the

driest practicable concrete are seen to be only devices for accomplishing

the above-mentioned results. A forthcoming Bulletin on the "Design of

Concrete Mixtures" will give further details of the principles underlying

the proportioning of concrete, and discuss their application to practical

problems.

The influence of the water-ratio of concrete on its strength will be

shown by the following considerations : One pint more water than neces-

sary to produce a plastic concrete in a 1-4 mix reduces the strength to

<j /oaa
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Fig. 5

—

Effect of Curing Conditions on the Compressive Strength of

Concrete.

Compression tests of 6 x 12-inch cylinders at age of 4 months.

Each value is the average of four tests made on two different

days. Same data as in Fig. 4.

the same extent as if we should omit 2 to 3 pounds of cement from a

one-bag batch.

Our studies give us an entirely new conception of the function per-

formed by the various constituent materials. The use of a coarse, well-

graded aggregate results in no gain in strength unless we take advantage
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of the fact that the amount of water necessary to produce a plastic mix
can thus be reduced. In a similar way we may say that the use of more
cement in a batch does not produce any beneficial effect, except from the

fact that a plastic, workable mix can be produced with relatively less

water.

The reason a rich mixture gives a higher strength than a lean one

is not that more cement is used, but because the concrete can be mixed

(and usually is mixed) with a lower water-ratio in the case of the richer

mixtures than for the lean ones. If advantage is not taken of the fact

that in a rich mix relatively less water can be used, no benefit will be

gained as compared with a leaner mix. In all this discussion the quan-

tity of water is compared with the quantity of cement in the batch (cubic

feet of water to one sack of cement) and not to the weight of dry ma-

terials or of the concrete, as is generally done.

For the other curves showing the strength water-ratio relation, see

paper on "Time of Mixing Concrete," referred to above.

Effect of Quantity of Mixing Water on the Wear of Concrete.

Figs. 6 and 8 give the results of tests to determine the effect of

quantity of mixing water on the wear of concrete. It will be noted that

/a

Fig.

/CO //O /^£> /JO /%? /.X)

/T'is'/c7://'i^e' Co/^s/^Ap/Tcyo/'Ccyxr/s^

6

—

Effect of Quantity of Mixing Water on the Wear of Con-

crete.

Wear tests of 8x8x 5-inch blocks at age of 4 months. Each

value is the average of 10 blocks made on two different days.

Same data as in Fig. 7.

the depth of wear is expressed in inches. The wear-water-ratio relation

is just opposite to that found in the strength tests ; in other words, a

high strength is accompanied by low wear, and vice versa. If the wear

curve in Fig. 8 were inverted we should have almost a duplicate of the

^strength curve. In general, the lowest wear is found at about the same
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water-ratio as the highest strength. The average curves (Fig. 8) show

that maximum strength and minimum wear come at a consistency of

about .95, or a water-ratio of about .70. It should be pointed out that for

other mixes the best results would probably be found at about the same

relative consistency, but at a different water-ratio. For a given con-

sistency the water-ratio is higher for lean mixes and lower for rich

mixes.

/3

/6

I"* .8

O c^ 'fO 60 So /OO /^'O

Fig. 7

—

Effect of Cueing Conditions on the Wear of Concrete.

Wear tests of 8 x 8 x 5-inch blocks at age of 4 months. Each

value is the average of 10 blocks made on two different days.

Same data as in Fig. 6.

\
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It is, in general, impracticable to state in definite quantities the

amount of water which should be used, since this depends on many dif-

ferent factors, such as the following:

(1) The relative consistency which must be used, which is dictated

by the nature of the work.

(2) The normal consistency of the cement.

(3) The quantity of cement.

(4) The size and grading of the aggregate.

(5) The absorption of the aggregate.

(6) The moisture content of the aggregate.

(7) Admixtures which may be used.

A water formula has been developed which takes into account all

these elements ; however, since it involves certain factors which cannot

be covered in this report, a discussion of this phase of the work will be

deferred.

.eo -TO .so so zoo //o

Fig. 8

—

Effect of Quantity of Mixing Water on the Strength and

Wear of Concrete.

Average curves from Figs. 4 and 6. The quantity of mixing

water is expressed as a ratio to the volume of cement in the

batch. Each value for compression is the average of 20 tests

(four curing conditions). Each value for wear is the average

of 50 tests (four curing conditions). In interpreting this diagram

it should be borne in mind that we have averaged the four storage

conditions described in Table 4. For best curing conditions con-

crete will show much less wear than any indicated by this curve.

The' quantity of water which affects the water-ratio as given in Fig. 8

is only such a part of the whole as affects the cement. In other words,

the water which is absorbed by the aggregate is not considered as in-

fluencing the water-ratio. This makes it plain that the absorption of the

aggregate must be taken into account if concretes from widely different

aggregates are being compared. Many serious errors have been made
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in drawing conclusions from tests, due to failure to take into account

the influence of absorption, grading of aggregates, etc., on the water

content of the concrete.

In general, it is impracticable to determine in advance the exact

quantity of water required for concrete mixes, largely due to two causes

:

(1) Inability to determine in advance the lowest relative consistency

which may be used and still produce a workable concrete; (2) varying

moisture content of aggregates.

The following table may be of interest in indicating the approximate

quantities of water necessary for certain mixes. It is assumed that a

well-graded aggregate up to 1^ inches in size will be used. Only under

the most favorable conditions can the minimum values be used ; in gen-

eral, the maximum values need not be exceeded.

Mix
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The concrete stored for 4 months in damp sand and tested damp

is 25^2 to 3 times as strong as similar concrete which has been exposed

to room atmosphere for the same period. Protecting the concrete from

drying out for only 10 days (taking values from Figs. 5 and 9) gives an

increase in strength of about 75 per cent, for the dryer mixes.

Effect of Curing Condition on the Wear of Concrete.

The effect of curing condition on the virear of concrete is no less

striking than the effect on the strength.

It will be seen in Fig. 7 that the blocks stored for the entire period

of 4 months in damp sand showed more wear in most instances than those

/.SO

Fig.
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9—Effect of Curing Condition on the Strength and Wear of

Concrete.

Average curves from Figs. 5 and 7. Each value for com-

pression is the average of 24 tests (four each for six consisten-

cies). Each value for wear is the average of 60 blocks (10 each

for six consistencies). The upward trend of the wear curve

results from the abnormal wear of the 4-month sand-stored

blocks on account of being tested in damp condition.

which had been stored for 21 days in damp sand and the remainder of

the time in air. This peculiar result is no doubt due to the fact that the

concrete was tested in a damp condition, and does not indicate that the

longer period in damp sand is injurious. The comparison would have
been more nearly correct if the blocks had been allowed to dry out a
few days before testing. These results do show that concrete in a wet
or damp condition suffers more from wear than when dry. It is a
matter of common experience that non-metallic materials, such as timber,

terra cotta, concrete, stone, etc., which absorb water, show a lower strength
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in a wet condition than when dry. Additional tests will be required to

show* the exact effect of moisture content on strength and wear of con-

crete, other factors being the same.

It is not necessary to speculate on the probable effect of moisture in

the concrete in order to secure valuable information from these tests.

The dryer mixes show an increase in wear from .50 inch for concrete

stored in damp sand for 21 days, to 1.10 inches for concrete in air for

entire period ; the tests indicate that 10 days in damp storage would give

a wear of about .65 inch. For the wetter mixes the wear after 21 days

in damp sand is about .85 inch; for 10 days 1.15 inches; for air storage

throughout probably 2 inches. In the wetter consistencies the tests were

not carried to completion on account of disintegration of certain blocks,

which caused the entire ring to collapse.

The photographs in Figs. 15 to 20 show side views of the blocks

after test. The effect of both consistency and curing condition are clearly

shown by the relative thickness of the blocks.

Recapitulation of Effect of Consistency and Curing Condition.

In view of the important influence of consistency and curing condi-

tions of concrete shown by these tests, it seems doubtful if there is any

phase of concrete work which will pay such high dividends as a little

care to see that proper consistency is used and desirable curing conditions

are provided. In many instances the quality of the concrete could be

vastly improved at trifling expense, but nothing is done because those in

charge do not appreciate the importance of care in these directions. The
writer is convinced that practically all of the faults from concrete floors

follow from these two causes. Excessive wear and dusting are certain

to result in a floor in which the concrete is never allowed to have the

water necessary for hydration of the cement. It is notable that dusting

never occurs on a concrete road, for the reason that it gradually gets the

water necessary for hydration from rain or snow. However, due to low

wearing resistance at early periods, resulting from premature drying, it

may be badly worn before rain comes.

An excess of mixing water is a serious fault in concrete. If, in addi-

tion to too much water the concrete is allowed to dry out at once it is

almost certain to be a failure if subjected to wear and will give very

low strength. For the two wettest consistencies and the two most un-

favorable curing conditions, the compressive strength of the pebble con-

crete was 1300 pounds per square inch ; for the two most favorable curing

conditions and the three dryest consistencies the average compressive

strength was 4850 pounds per square inch—an increase of 275 per cent.

In the case of the wear tests the corresponding values are 1.70 inches and

.50 inch; an increase of 240 per cent. The comparison in the wear test

is not as unfavorable as it should have been, since the poorer blocks

broke up before the test was completed.
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Proper curing of concrete is second only in importance to the control

of water content. The rule stated above with reference to water content

may now be extended to the following:

Use the smallest quantity of mixing water that will

produce a workable concrete, then allow the concrete to

have as much tvater as possible during the period of

curing.

All concrete should be protected against premature drying for at

least one week, and longer if practicable. This period should be extended

to 10 days or two weeks in cool weather, or where the concrete is to be

subjected to heavy traffic at an early age.

Covering with damp sand or earth, or wet burlap are excellent meth-

ods of curing. The practice of "ponding" is common in road construction.

The writer wishes to offer a word of caution with reference to the use

of wet sawdust for covering concrete floors. Sawdust may have most

harmful results, on account of the organic acids present.

Compression tests of concrete made in other series show that the

strength of concrete increases indefinitely, so long as it is not permitted

to dry out.*

Relation Between Strength and Wear of Concrete.

The relation between strength and wear of concrete in this series is

shown in Fig. 10. All tests have been platted. Each value is based on the

'average of four compression tests and 10 wear tests. This diagram

shows that a definite relation exists between strength and wear at least for.

the conditions of these tests; that is, for concrete of different consistencies

and curing conditions. Further tests will be necessary to show whether

or not this relation is entirely general for other aggregates, etc.

Fig. 11 is the same curve platted to log. scale. The straight line in

this diagram enables us to devise the equation

:

2230
S =

as showing the relation between the variables; where S ^compressive

strength in pounds per square inch and W= the depth of wear in inches.

A similar relation from another series of strength and wear tests

made in this laboratory will be fotmd in Figs. 14 and 15 of the paper on

"Effect of Time of Mixing," referred to above.

Comparison of Pebble and Crushed Stone Aggregate.

Crushed limestone was used as coarse aggregate in one group of

tests. In general the limestone ^concrete gave somewhat higher strength

and lower wear than the gravel concrete using the same sand and the

same water and cement. However, the tests do not cover a sufficient

•See "Effect of Age on the Strength of Concrete," bv D. A. Abrams,
Proc. American Society for Testing Materials, Part II, lOlsr
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range to justify definite comparisons of the merits of the two types of

aggregate. Both of the aggregates used in this series were of high grade

and gave good results in the tests. Other tests now under way and

planned for the future are expected to give definite information on the

relative merits of different aggregates.

Method of Making Wear Tests.

The Talbot-Jones rattler has been found entirely successful as a

method of studying the wear of concrete in the laboratory. The results

.<sa? ^o 4f^D /.JO yi^a zsy

Fig. 12

—

Effect of Quantity of Mixing Water on the Absorption of

Concrete.

Absorption tests of 8 x 8 x 5-inch blocks. Pebble aggregate.

Age 1 year. Absorption determined after immersion in water at

room temperature. Each value is the average of eight blocks

from four different curing conditions—one block from each set

of pebble aggregates in Table 5. Absorption is given by volumes

;

absorption by weight is about 40 per cent, of these values.

of the tests thus far completed and the definite relations found between
the wear and strength have given considerable confidence to this method
of testing. The abrasive charge of 200 pounds of cast-iron balls, and the

rate and number of revolutions used, gives a wearing action suited for
a wide range in the properties of concrete. A very poor concrete may
be entirely destroyed, a high-grade concrete will show a wear of H inch

or less.

The test gives a combination of abrasion and impact that cannot be
withstood by an inferipr concrete. The severity of the impact may be
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seen from the fact that the 1^-inch cast-iron balls are frequently broken

during the test. While the test does not fully duplicate the action of

traffic, it furnishes a valuable guide to the relative effects of different

methods of treatment, materials, etc., for use in pavement construction.

This method of making wear tests of concrete is believed to have

the following advantages as compared with other methods which have

been used or proposed for this purpose

:

(1) The concrete is subjected to a treatment which ap-

proximates that of service.

(2) The test piece is of usual form and of sufficient size

that representative concrete can be obtained.

(3) The test pieces are convenient to make, store and handle,

and require a relatively small quantity of concrete.

(4) The cost of tests is not excessive.

(5) The machine used is found in a number of testing

laboratories.

(6) The wearing action takes place on the top or finished

surface of the concrete. This makes it possible to study the

effect of various surface treatments and finishes.

(7) Several tests may be made at the same time, thus en-

abling more representative results to be obtained.

(8) Tests may be made on sections of concrete cut from

roads which have been in service.

(9) Other paving materials, such as brick, granite blocks,

etc., may be tested in the same manner as the concrete.

Absorption Tests of Concrete.

Absorption was determined on two wear blocks from each set of

10, after immersion in water for periods of 3 hours to 28 days. It

should be noted that absorption tests were made on blocks at the age

of 1 year, which had been tested for wear at 4 months.

The results of absorption tests are given in Table 5, and in Figs. 13

and 14. In Fig. 13 all consistencies for a given curing condition have

been averaged. It is interesting to note that the absorption is influenced

by the curing condition of the concrete in the same way as the wear.

(Compare Figs. 13 and 7.) The curing condition that gives high wear,

gives high absorption, and vice-versa.

The effect of consistency and curing condition on absorption is

shown by an average absorption of 5.77 per cent, for the most favorable

conditions after 24-hour immersion and 12.6 per cent, for the most un-

favorable conditions. The absorption is here given by volumes; the ab-

sorption by weight would be only about 40 per cent, of these values.

The effect of time of immersion on the absorption is shown in Fig.

14; all consistencies and curing conditions have been averaged for a given
time of immersion.
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Fig. 15

—

Side View of Wear Blocks after Test.

The efifect of storage condition on wear is rlearly shown.
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Fig. 16

—

Side View of Wear Blocks after Test.

The effect of storage condition on wear is clearly shown.
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Fig. 17

—

Side View of Wear Blocks after Test.

The effect of storage condition on wear is clearly shown.
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Fig. 18

—

Side View of Wear Blocks after Test.

The effect of storasfe condition on wear is clearly shown.
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CONSISTENCY
135

Storacf

Air 4 m

Fig. 19

—

Side View of Wear Blocks after Test.

The effect of storage condition on wear is clearlv shown.
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SAND4rM
CR. STONE

Fig. 20

—

Side View of Wear Blocks after Test.

Some of the blocks which were stored for the entire four

months in air were completely broken up before the end of the

test run. The blocks missing from the two lower rows were lost

before the photograph was taken.

Fig. 21

—

Front View of Wear Blocks after Test.

Top row, gravel as coarse aggregate.

Bottom row, crushed limestone as coarse aggregate.
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Unit Weight of Concrete.

The unit weight of all test pieces was determined immediately before

test at the age of 4 months. The values are given in Table 6. E^ch

value is the average from four cylinders and 10 wear blocks. The weight

of the concrete is little affected by the consistency, but is greatly influenced

by the curing condition. The weights of the specimens stored for 4

months in damp sand cannot be compared directly with the others, since

they contained free moisture; that is, water in the uncombined state. A
comparison of the average weights of all consistencies for the other curing

conditions shows that the concrete stored 3 days in damp sand took up

.33 pound more water and that stored for 21 days in damp sand 2.16

pounds more water per cubic foot than that stored in air throughout the

4 months. Since all test pieces were in the same room-dry condition

when the weights were determined, it seems that these values may be

taken as approximate measures of the additional quantities of water

which have entered into chemical combination with the cement, due to

storage in a damp place for these periods.

' Table 1

—

Tests of Cement.

The cement consisted of a mixture of equal parts of four brands purchased cm the Chicago
market (Lot No. 3706).

All tests made in accordance with standard methods of the American Society for Testing
Materials.

Miscellaneous Tests.



744 Masonry.

Table 2—Sieve Analysis of Aggregates.

Sieves manufactured by the W. S. Tyler Company, Cleveland, Ohio.

Sieve
Number

or
Size



Table 4—Wear and Compression Tests of Concrete.
Hand-mixed concrete. Mixed 1-4 bj' volume. Age atest, 4 montba.
Aggregate graded 0-lM in.

The same sand used in all tests.

Coarse aggregate consisted of pebbles or crushed limestone of the same grading.
The specimens were stored for the period shown in damp sand, the remainder of the time

in the air of the Laboratory.
Wear tests made in Talbot-Jones rattler—total of ISOO revolutions.
Wear tests are average of five 8 by 8 by .5 in. blocks.
Compression tests are average of two 6 bj- 12-in. cylinders.
The second set of tests in each group was made 2 to 4 weeks after the 6rst.
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Table 5—ARsoRP-rioN Tests of Concrete.

Hand-mixod concrete.

Mix 1-4 by volume.

Aggregate graded 0-lM in.

The same sand used in all tests—torpedo sand from Elgin, 111.

Coarse aggregate consisted of pebbles or crushed limestone of same grading.

Age at test 1 year. The tests were made on 8 by 8 by 5-in. concrete blocks which had
previously been used in wear tests at the age of 4 months. Immediately after molding the blocks
were stored for the period shown in damp sand, the remainder of the time in the air in

the Laboratory.

During the absorption test the blocks were immersed in water at room temperature.

Each value is the average of 2 blocks made on different days.
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Table 6

—

Unit Weight of Concrete.

Hand-mixed concrete.
Mix 1-4 by volume.
Weighed immediately before test at age of 4 month.'i.

Aggregate graded O-lJi-in.

The same sand used in all tests.

Coarse aggregate consisted of pebbles or crushed lime,«tone of same grading.
The tests were made on 8 b.v 8 by 5-in. blocks and 6 by 12-in. cylinders.
Test pieces were stored for the period shown in damp sand, the remainder of the time in

the air of the laboratory.
Each value is the average of 4 cylinders and 10 wear blocks.



Appendix E.

REPORT OX SUBJECT (7).

W. M. Kinney. Chairman, Sub-Committee.

(I)

Concrete which is allowed to dry out during the early stages of har-

dening has less strength and less resistence to wear than concrete provided

with plenty of moisture during this period. It is just as harmful to fail

to provide moisture to the hardening concrete as it is to use an excess of

water in mixing.

(II)

Moisture can best be provided to hardening concrete by covering the

concrete with earth, sand, straw or other moisture-retaining material

and sprinkling this covering at least night and morning for from one

to two weeks after the concrete has been placed. If the days are real

hot, additional sprinklings during the day will be required and the cover-

ing should be thicker so that drying out will take place less rapidly. This

method is particularly applicable to large areas. For other types of work

the forms can be left on as long as possible, covering the surface of the

concrete with tarpaulins to prevent rapid drying out at the surface. These

tarpaulins can be sprinkled in warm weather.

In the case of reinforced concrete buildings, the buildings can be

enclosed with canvas or other material and each floor sprinkled. Even

without enclosing the structure with canvas, sprinkling will be beneficial.

Many schemes will suggest themselves to contractors, depending upon

the character of work.

In a number of locaHties where earth covering was not available,

concrete roads have been cured by the ponding method. Small dikes are

built along the edge of the road and across the road every 30 or 40 feet.

The space between these dikes is then flooded with water. This method
would be applicable for station platforms, driveways, etc.

(Ill)

Concrete which has hardened with insufficient moisture can be im-

proved somewhat by sprinkling even after it is several weeks old. How-
ever, such concrete will never reach the strength which it might have

obtained had proper precaution been given in the early stages of harden-

ing.

The most serious result from such failure to provide moisture occurs

with sidewalks, floors, station platforms, c-lc. Stvcral chemicals are rec-

ommended for treating such floors and seem to Iiavc some merit, although

the treatment is expensive and the applications must be made at intervals.

Providing moisture during the early stages of hardening gives satisfactory

results and much better insurance against poor results.
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REPORT OF COMMITTEE XII—ON RULES AND
ORGANIZATION.

W. H. FiXLEY, Chainiian; F. D. Anthoxy, Vicc-Chairman

;

O. F. Barnes, A. J. Himes,

E. H. Barnhart, F. D. Lakix,

W. C. Barrett, B. M. McDoxald,

H. L. Browne, Jos. Mullex,

J. B. Carothers, E. T. Reisler,

S. E. Coombs, W. H. Rupp,

C. Dougherty, P. T. Simoxs,

H. H. Edgerton, R. E. W'ardex,

B. Hermax, Committee.

To the Amcriia)i Rail'dcay Eiigiiiceriiu/ Association

:

Your Committee was requested liy the Board of Direction to report

on the following subjects:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes.

2. Prepare a "Manual of Instructions for the Guidance of Engineer-
ing Field Parties."

3. Continue the study of the Science of Organization.
4. Prepare a "Manual of Rules for the Guidance of Employees of

the Maintenance of Way Department."
5. Prepare rules for the construction, maintenance and operation of

buildings and protective apparatus for the reduction of fire risk.

6. Prepare rules for the inspection of bridges and culverts.

The various subjects were assigned to Sub-Committees for study

and report.

The Committee has held one general meeting, in addition to the

meetings of the several Sub-Committees.

On Subject (1), Revision of Manual, your Committee reports that

it has no changes to recommend at this time.

Subject (2), progress is reported.

Subject (3), Science of Organization, the conditions prevailing dur-

ing the past year have made it impracticable to make a final report. As
a matter of interest, your Committee submits in Appendix A a reprint

from Engineering News-Record of December 12, 1918, containing "John

D. Rockefeller Jr.'s Industrial Creed."

A large amount of work has been done on Subject (4), "Manual of

Rules for the Guidance of Employees of the Maintenance of Way De-

partment," but the data is not in shape to be presented at this meeting,

and hence the Committee asks for further time in which to complete this

topic.

Progress is also reported on Subjects (5) and (6).

Your Committee recommends that the same subjects be reassigned

for the coming year.

Respectfully submitted,

Committee ox Rules and Orgaxiz.\tion.

749



. Appendix A.

SCIENCE OF ORGANIZATION.

John D. Rockefeller Jr/s Industrial Creed.*

Principles He Laid Down at the Reconstruction Congress at Atlantic Citj'.

1. I believe that labor and capital are partners, not enemies; that

their interests are common interests, not opposed, and that neither can

attain the fullest measure of prosperity at the expense of the other, but

only in association with the other.

2. I believe that the community is an essential party to industry and

that it should have adequate representation with the other parties.

3. I believe that the purpose of industry is quite as much to advance

social well-being as material well-being and that in the pursuit of that

purpose the interests of the community should be carefully considered,

the well-being of the employees as respects living and working conditions

should be fully guarded, management should be adequately recognized

and capital should be justly compensated, and that failures in any of these

particulars means loss to all four.

4. I believe that every man is entitled to an oppprtunity to earn a

living, to fair wages, to reasonable hours of work and proper working

conditions, to a decent home, to the opportunity to play, to learn, to

worship and to love, as well as to toil, and that the responsibility rests

as heavily upon industry as upon government or society, to see that these

conditions and opportunities prevail.

5. I believe that industry, efficiency and initiative, wherever found,

should be encouraged and adequately rewarded, and that indolence, in-

difference and restriction of production should be discountenanced.

6. I believe that the provision of adequate means of uncovering

grievances and promptly adjusting them is of fundamental importance to

the successful conduct of industry.

7. I believe that the most potent measure of bringing about indus-

trial harmony and prosperity is adequate representation of the parties in

interest; that existing forms of representation should be carefully studied

and availed of in so far as they may be found to have merit and are

adaptable to the peculiar conditions in the various industries.

8. I believe that the most 'effective structure of representation is

that which is ])uilt from the bottom up, which includes all employees, and,
starting with the election of representatives in each industrial plant, the
formation of joint works' committees, of joint district councils, and an-
nual joint conferences of all the parties in interest in a single industrial

corporation, can be extended to include all plants in the same industry',

all industries in a community, in a nation, and in the various nations.

^^
*Reprinted by permis.sion from Engineering New-s-Record. December 12,
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9. I believe that the applieation of right principles never fails to

effect right relations; that "the letter killeth and the spirit maketh alive;"

that forms arc wholly secondary, while attitude and spirit are all-import-

ant, and that only as the parties in industry are animated by the spirit

of fair play, justice to all and brotherhood, will any plans which they may
mutually work out succeed.

10. I believe that that man renders the greatest social service who
so co-operates in the organization of industry as to afford to the largest

number of men the greatest opportunit.v for self-development and the

enjoyment by every man of those benefits which his own work adds to

the wealth of civilization.



REPORT OF COMMITTEE XVI—ON ECONOMICS OF
RAILWAY LOCATION.

R. N. Begien, Chairman (Director); C. P. Howard, ]'ice-Chairman

:

F. H. Alfred, E. H. McHenry,

A. S. Baldwin (Past-President), G. A. Mountain,

WiLLARD Beahan, , Edward C. Schmidt,

E. J. Beugler, a. K. Shurti.eff (Jsst. Secretary),

Ralph Budd, C. H. Splitstone,

W. J. Cunningham, M. F. Steinberger,

C. F. W. Felt, A. F. Stewart,

R. D. Garner. L. L. Tallyn,

A. S. Going, Robt. Trimble (Past-President)

,

A. J. HiMEs, W. F. Tye,

H. C. Ives, W. L. Webb,

W. A. James. H. C. Williams,

J. A. Lahmer, M. a. Zook,

Fred Lavis, Committee.

To the American Railway Engineering Association:

The following subjects were assigned:

1. Make critical examination of the subject-matter in the Manual,
and submit definite recommendations for changes, taking into special con-
sideration a revision of the conclusions in Vol. 16, pages 104 to 109.

2. Report on the resistance of trains running between 35 and 75

miles per hour.

3. (a) Report on the effect of curvature on cost of maintenance of

way.
(b) Report on the effect of curvature on maintenance of equip-

ment.
4. Report on the effect of train resistance on the amount of fuel

consumed.
5. Report on the entire question of economics of location as affected

by the introduction of electric locomotives.

Sub-Committees were appointed to consider each of the subjects as-

signed, but four of the Chairmen of Sub-Committees asked to be relieved.

Only one Chairman responded that he would undertake the work, and

only one Committee did any work. The report of that Committee is

herewith appended.

No criticism is offered on account of the failure to devote time to

the work of this Committee during the war period. Some of the mem-
bers were in military service, and practically all were deep in war work
throughout the entire period of time.

Respectfully submitted,

Committee on Economics of Railway Location.

752



Appendix A.

EFFECT OF CURVATURE ON COST OF MAINTENANCE OF
WAY AND EQUIPMENT.

C. P. Howard, Chairman, Sub-Committee.

The subjects assigned this Sub-Committee were:

(a) Effect of curvature on cost of maintenance of way;

(b) Effect of curvature on cost of maintenance of equipment.

A meeting of members of the Sub-Committee was held at Chicago,

July 23, at which were present Messrs. L. L. Tallyn, Robert Trimble and

C. P. Howard.

It was decided not to .circularize all the railroads, the times not being

propitious, but to address officials of a few lines asking for any data

they might have as to the various elements of curve expense.

(The Circular of Inquiry was published in Bulletin 210, October,

1918, pp. 79, 80.)

Several replies were received, but the only information obtained was

from the Pennsylvania Lines, and is considered of such importance that it

is made the basis of this report. This data is as follows

:

"An investigation was made by the Pennsylvania Lines West of Pitts-

burgh during the years 1908 and 1911, inclusive, some of the results of
which appear to throw some light upon the effect of curvature on the cost

of maintenance.
"The investigation referred to was to determine as to whether or not

lubrication of rails on curves would reduce rail wear and thereby result

in corresponding economies. In order to present comparative estimates
showing this it was necessar}^ so far as possible, to determine the relation

between the wear of rails on straight lines as compared with wear on
curved line of varying degrees.

"Table A below gives data concerning rail renewals on straight and
curved-track on 164 miles of the Eastern Division of the P., Ft. W. & C.

Railway from Rochester to Crestline, for a period of thirty-one years.

Table A.
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"Table B below gives the length in miles and percentages of

straight and curved track on the Pennsylvania Lines West for all main
tracks.

Table B.
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for some expenses of maintenance, it would be more conservative to

submit at this time such actual data as has been secured, hoping that

further investigations and additional information will enable them to

formulate with greater confidence and point out such parallels where they

exist.

The Committee has no conclusions to submit at this time.
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REPORT OF COMMITTEE XXII—ON ECONOMICS OF
RAILWAY LABOR.

E. R. Lewis, Chairman; C. H. Stein, Vice-Chairman;

W. J. Backes, W. H. Hoyt,

R. A. Baldwin, E. D. Jackson,

J. Q. Barlow, C. M. James,

A. F. Blaess, C. E. Johnston,

W. M. Camp, A. C. Mackenzie,

W. R. Dawson, *John C. Nelson,

R. C. Falconer, C. A. Paquette,

R. H. Ford, J. W. Pfau,

W. R. Hillary, H. R. Safford,

C. B. HoYT, tLiEUT.-CoL. H. J. Slifer,

Committee.

To the American Raihvay Engineering Association:

Your Committee on Economics of Railway Labor submits its report

to the Twentieth Annual Convention.

The following subjects were assigned your Committee by the Board

of Direction

:

\. Report on plans and methods for organizing to obtain labor for

railways.

2. Report on methods of equating track sections.

3. Report on typical plans for boarding cars and boarding houses for

railway laborers, conferring with Committee on Buildings.

4. Study the matter of establishing proper relations between unit of

track expenditure and unit per mile of line for different classes of road
for the purpose of determining a normal maintenance expense and to

obtain as far as possible uniform conditions involving: (a) Separation
of expenses as between Road, Signal and Bridge and Building Depart-
ments; (b) The determination of the ratio of labor cost to total cost.

5. Report on labor-saving devices.

COMMITTEE MEETINGS.

Meetings of the whole Committee were held in Chicago on June 11,

September 10 and November 8, in addition to the meetings held by the

various Sub-Committees.

(1) REPORT ON PLANS AND METHODS FOR ORGANIZING TO
OBTAIN LABOR FOR RAILWAYS.

Your Committee has considered this subject and finds that under

present circumstances it seems advisable to continue investigation before

presenting any set plan of organization for your consideration. Your
Committee reports progress on this subject.

Died. October G, 1918. vDied in France, February 3. 1010.
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(2) REPORT ON METHODS OF EQUATING TRACK SECTIONS.

Your Committee presents in Appendix "A" its report on the methods

imw in use.

(3) REPORT ON TYPICAL PLANS FOR BOARDING CARS AND
BOARDING HOUSES FOR RAILWAY LABORERS, CONFER-
RING WITH COMMITTEE ON BUILDINGS.

Your Committee presents in Appendix "B" tentative outline plans

with explanations, with a view to criticism l)efore taking up detail draw-

ings.

(4) STUDY THE MATTER OF ESTABLISHING PROPER RELA-
TIONS BETWEEN UNIT OF TRACK EXPENDITURE AND
UNIT PER MILE OF LINE, FOR DIFFERENT CLASSES OF
ROAD FOR THE PURPOSE OF DETERMINING A NORMAL
MAINTENANCE EXPENSE AND TO OBTAIN, AS FAR AS
POSSIBLE, UNIFORM CONDITIONS INVOLVING (a) SEP-

ARATION OF EXPENSES AS BETWEEN ROAD, SIGNAL AND
BRIDGE AND BUILDING DEPARTMENTS; (b) THE DETER-
MINATION OF THE RATIO OF THE LABOR COST TO
TOTAL COST.

Your Committee presents in Appendix "C" a study of this subject

as a progress report.

(5) REPORT ON LABOR-SAVING DEVICES.

Your Committee presents in Appendix "D" a list of 60 labor-saving

devices with short descriptions of these machines and their purposes.

CONCLUSIONS.

Your Committee recommends

:

Subject (2). That the report on methods of equating track sections

be accepted as information and printed in the Proceedings.

Subject (3). That the report on typical plans for boarding cars

and boarding houses for railway laborers be received as a progress re-

port. (To be considered further at the next convention.)

Sul)ject 4. That the study of relations of units of track expendi-

ture to units of mile of line with view of determining a normal main-

tenance expense and to obtain, as far as possible, uniform conditions in-

volving (a) Separation of expenses as between Road, Signal and Bridge
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and Building Departments; (b) The determination of the ratio of labor

cost to total cost, be received as a progress report.

RECOMMENDATIONS FOR FUTURE WORK.

Your Committee recommends for next year's work : continuation of

subjects (1), (3) and (4).

Respectfully submitted,

Committee on Economics of Railway L.\bor.
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(2) EQUATING TRACK SECTIONS.

E. T. HowsoN, Chairman; C. H. Stein,

H. R. Safford, R. a. Baldwin,

R. H. Ford, C. M. James,

Sub-Committee.

Labor constitutes the largest single item of maintenance of way ex-

pense; in fact, it is larger than all other expenditures combined, aggre-

gating approximate^ 56 per cent, of all charges of this department. From
its nature it is the expenditure in which there is the greatest opportunity

for the display of economy and likewise the greatest danger of waste and

inefficiency. It would, therefore, naturally be expected that the distribu-

tion of this expenditure, aggregating over one-half million dollars a day,

would be surrounded with elaborate safeguards to insure the greatest

return. Yet investigation shows that the reverse is true. As a result, the

allotments are commonly made on an arbitrary basis of so many men per

section, with onl}' very general consideration of the relative amounts

of work to be done.

In the discussion of labor distribution the gang is the unit in the

maintenance of way organization. As the larger part of the employees in

this department are engaged in track maintenance and are employed in

section gangs, the Committee has confined its discussion to this class of

work, although the general principles apply equally to other maintenance

work.

In general, section limits have been established by giving each gang

an equal mileage of main line with whatever auxiliary tracks come be-

tween these limits. The gangs are then allowed an equal number of men.

The result is that some gangs have much more work to perform than

others because of unequal mileages of sidetracks and special local condi-

tions. With an unequal distribution of the work, it is evident that the

greatest return is not being secured from the total expenditure and loss

occurs.

The importance of equating sections on a more equitable basis has

been recognized for years and some study has been given to its solution.

As a result, certain more or less arbitrary ratios have been established on

a few roads, and while perhaps crude and inaccurate, are a step in advance

of the common practice.

Thus, on the New York Central two miles of sidetracks, or 15 switches,

are considered equivalent to one mile of main track. Allowance is also

made for special local conditions, such as soft subgrade, high rock cuts,

excessive curvature, character of traffic, etc. An ordinary section is

given about six equated miles of main track.

On the Southern Pacific two miles of branch lines, or four miles

of sidings, are considered equivalent to one mile of main line. Sixteen
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switches are also considered equivalent to one mile of track of the kind

in which the switches are placed. Consideration is also given to the

nature of the rail, ballast, curvature, density of traffic, etc.

On the Cleveland, Cincinnati, Chicago & St. Louis track sections have

been equated where the line has been double-tracked, the length of such

sections being made equivalent to six miles of single track on the following

basis: Second track, 85 per cent, of main track; passing tracks, 50 per

cent, of main track
;
yard tracks in heavy terminal yards, 50 per cent.

;

other sidetracks, 30 per cent. ; turnouts, each equivalent to 300 ft. of

main track.

On the New York, New Haven & Hartford a mile of main track

has been taken as a unit. Two miles of sidetrack, or 15 switches, are

considered equivalent to one mile of main track. The various lines of

this road have been classified between main line, secondary main line, and

branches, partially on the basis of the tonnage passing over them and

in part on the importance of the lines from a passenger standpoint where

the tonnage alone is not sufHciently heavy to bring them into what is

considered the proper class. Different allowances of men per equated

track mile arc made on the lines of these different classes, consideration

being given to the fact that on divisions of two and four tracks the shorter

distance sectionmen have to go compensating them slightly for the heav-

ier traffic.

An equation was worked out on one division of the Michigan Cen-

tral about five years ago, covering 300 miles of single main track and

500 miles of branch tracks and sidings. As the result of a 12 months'

study of the actual distribution of work on this division, the following

relations were established, one mile of single main track being considered

as the unit

:

One mile of single main main track. Class "B" 100 per cent.

One mile of single branch track 65
One mile of passing track 46
One mile of yard track 32.4

One mile of industrial track 24
One main track turnout 3.4

One side track turnout 1.4

One railroad crossing (one track crossing only) 3.1

One highway crossing (highway over one track) 2.0

One mile of fence (one side) 2.7

One mile of right-of-way (100 ft. wide) 4.2

One farm crossing (over one track only) 0.4

On the Toledo division of the Pennsylvania Lines West of Pitts-

burgh, consisting almost entirely of single track, with only a small amount
of second track, one mile of main track is considered equivalent to three

miles of sidetracks, four miles of yard tracks, 20 main line turnouts, 40

turnouts in side and yard tracks, 25 railroad crossings, 40 public highway
crossings and 60 private crossings.

The Baltimore & Ohio has given careful attention to the subject of

equating track sections in connection with the development of its stand-
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ard track work system, as the determination of standard performances is

essential to the computation and payment of bonuses. The details of this

system, including the determination of units of track work, were described

in a monograph by Earl Stimson, published in the Proceedings of this

Association for 1916.

The Grand Trunk has given careful consideration to this problem.

Based upon its extended studies, the following basis has been approved

for equating track forces

:

2 miles of passing track = 1 mile of main track

2J^ miles all other sidings = " " " "

15 switches = " " " "

24 single derails connected with tower or
switch stand = " " " "

12 single track railway crossings := " " " "

15 single highway crossings (public roads)....= " " " "

10 single highway crossings (city streets) ... .= " " "

Standard Force.

,_,
^ .-•— Cq ct;^ t^5 -ti ^

Class.
I
I

So -.- USB ^;- aj P

oi^ — o o? (D?«^ Tz: > ~ ^'—
fc u3 S ^ '^ ^

A. Double track

lines S 6 men 9 0.78 0.67 1.29 1.50

W 3 men 0.44 0.33 2.25 3.00

A. Single track
lines S 4 men 6 0.83 0.66 1.20 1.50

W 3 men 0.66 0.50 1.50 2.00

B. Single track
lines S 4 men 7 0.71 0.57 1.40 1.75

W 3 men 0.57 0.43 1.75 2.33

C. Single track
lines S 3 men 8 0.50 0.37 2.00 2.67

W 2 men 0.37 0.25 2.67 4.00

Each supervisor has a permanent extra gang on his district, based on
the following percentage of the actual main line and siding mileage (not

equated) :

Class A Summer 10 per cent.

Winter 5 per cent.

Class B and C Summer 6 per cent.

I
Winter 3 per cent.

Classific.\tion of Track.

Class A—Railways having more than one track, or a single track with

the following traffic per mile

:

Freight cars per year = 150,000 or 5.000,000 tons.

Passenger cars per year = 10,000.

Maximum passenger speed of 50 miles per hour.
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Class B—Single track lines having the following traffic per mile

:

Freight cars per year = 50,000 or 1,670,000 tons.

Passenger cars per year = 5,000.

Maximum passenger speed of 40 miles per hour.

Class C—Single track lines not meeting the minimum requirements of

class B.

An analysis of the cost of maintenance of way and structures for

the purpose of establishing the proper relations between expenditures

per mile of line and per unit of track for different classes of roads has

been made recently for six sub-divisions of one of the roads represented

on the Committee. As Sub-Committee (4) of this Committee is report-

ing on the former phase of this problem the entire analysis is published

with that report.

Starting about four years ago the Track Committee undertook the

compilation of data showing the actual distribution of the work on a num-

ber of representative sections on different roads in various parts of the

country. On the organization of the Committee on Economics of Rail-

way Labor this work was transferred to it and this Committee has con-

tinued to receive and to study the reports sent in monthly by those roads

which are cooperating in the collection of the data. As the considera-

tion of these reports has progressed, the Committee has become convinced

of the impossibility of its making a proper analysis of the statistics be-

cause of the many local factors which are present on an individual road

and which affect the results to a marked degree. The Committee, there-

fore, believes that the reports of the test sections should be returned to the

individual roads for analysis and for the development of the correct

formulas. The Committee has found it impossible to furnish and estab-

lish uniform formulas because of these local variable factors.

Twenty-one railroads volunteered originally to compile this record.

On account of war and other conditions, all but four railroads have dis-

continued sending in this data.
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(3) TYPICAL PLANS FOR HOITSING LABOR.

A. F. Blaess, Chainnan; W. R. Hillarv,

W. H. HoYT, John C. Nelson,

E. D. Jackson, J. W. Pfau,

Sub-Committee.

(3) Your Committee reports progress, having prepared and pre-

senting for consideration the following tentative typical plans for housing

maintenance of way labor

:

1. Knockdown Portable Bunk House—8 men.. Floor Plan and Section
2. Knockdown Portable Bunk House—16 men.. Floor Plan and Section
3. Septic closet for use with knockdown or

permanent camp Floor Plan and Section

Camp Cars.
4. Sleeping Car Floor Plan Only
5. Foreman's and Commissary Car Floor Plan Only
6. Kitchen Car Floor Plan Only
7. Dining Car Floor Plan Only
8. Material Car Floor Plan Only

Knockdown Camps.

9. Washroom and toilet building Floor Plan and Section
10. Mess Hall Floor Plan and Section
1 1

.

Bunk House Floor Plan and Section
12. Lounging Building Floor Plan and Section
13. Commissary Store Floor Plan and Section
14. Isolation Building Floor Plan and Section

Permanent Camps.
15. Commissary Store Floor Plan and Section
16. Isolation Building Floor Plan and Section
17. Mess Hall Floor Plan and Section
18. Bunk House Floof Plan and Section
19. Lounging Building Floor Plan and Section
20. Washroom and Toilet Building Floor Plan and Section

The units for 8 to 16 men are intended for isolated places where
it is desired to enlarge the gang and where other accommodations for

laborers are not available, such as section headquarters at out-of-the-way

places.

The septic closet is intended for use in connection with any of the

above plans, except the camp cars, which are usually moved too often to

justify construction of elaborate facilities. The pit can be made of tim-

ber or concrete, according to the length of time it is expected to be used.

The building can be readily moved and only the pit is stationarj-.

The camp car outfits are for gangs frequently moving. The ques-

tion of ceiling or lining the cars will depend upon the class of labor and
the locality, but the Committee feels that the prevailing idea should be to

make the quarters for the men comfortable and as attractive as consistent.
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The knockdown portable camps are intended for use at points where

large gangs will be required for a year or two, after which time they

may be moved to other points. These camps may be provided with electric

lights and sanitary sewage facilities where available. These features

will, however, depend on the advantages and ordinances of the particular

locality. In general this construction consists of building sections bolted

together, but this is not shown in detail on the plans, since this is a feature

to be worked out with the Committee on Buildings.

The bunk house plans do not show lockers. These can be provided,

however, as shown in the plan for permanent camp. The floors of these

buildings, as well as the permanent camps, are placed about two feet

above the ground for ventilation, and it is suggested that during the

winter months, if necessary, this opening be banked up with earth in order

to make the building warmer. The lounging building shown is the same

as bunk house, except for the equipment, and is so constructed in order

that it may be readily converted into an additional bunk unit by removing

the tables and installing bunks.

The description of the portable camp will apply also to the perma-

nent camp, except that in the permanent camp lockers have been shown

in the bunk house and the washroom has been provided with a mastic

floor.

These plans are intended merely to give a general idea of the type and

arrangement of buildings most suitable for the purpose mentioned, and

no attempt has been made to work out the details of construction. Before

submitting the plans to the Association for final approval, the plans will

be submitted to the Committee on Buildings for the preparation of de-

tailed plans, but it is felt that unnecessary work for that Committee may
be prevented by reaching an agreement on the general plans before they

are submitted to the Buildings Committee. This Committee proposes to ask

for written criticisms on these plans during the ensuing year.
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Appendix C.

SUBJECT

:

(4) The study of the matter of establishing proper relations between the

unit of track expenditure and the unit per mile of line for dif-

ferent classes of roads for the purpose of determining a normal

maintenance expense, and to obtain, as far as possible, uniform

conditions involving

—

"a"—Separation of expense as between Road, Bridge and Build-

ing and Signal Departments,

"b"—The determination of the ratio of labor cost to total cost

H. R. SAFFORD, Chairman; R. C. Falconer,

A. C. Mackenzie, J. Q. Barlow,

W. A. James, C. B, Hoyt,

Sub-Committee.

Committee reports progress for the current year.

This subject is one of wide scope, and the development of it as related

to an individual line embraces many local problems which differ in char-

acter as between roads, and the Committee can only hope to develop an

outline of general principles.

Regardless of how definite and complete the policy of maintenance

may be on an individual railroad, there must be in the development of

this policy a clear perspective of the general relations between expendi-

tures on different classes of line and between the major sub-departments

to guard against distorted and inconsistent proportions.

The necessity for a study of this kind is increasing rapidly, because

standards of maintenance are constantly being more closely scrutinized

and made the subject of discussion, and in the development of the entire

railway problem this is getting to be a more and more important feature.

One of the roads represented on the Committee has attempted a

study of this subject as related to its own zone, and the Sub-Committee
presents an abstract of the results of that study, which, of course, is

submitted only as information.

Two statements are attached hereto and identified as Exhibits "A" and

"B."

Exhibit "A" is an analysis of relative expenditures of departments
for the three year period from 1915 to 1917, inclusive.

Exhibit "B" is an analysis reflecting for the same period certain

units of expense determined, first, by classifying the road into four gen-

eral classes, and, second, equating the various classes of tracks to a stand-

ard of one mile of main track.

By reference to Exhibit "A" it will be noted:

(1) The ratio of road department expense to total maintenance of

way expense varied from 76 per cent, to 79.2 per cent.
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(2) The ratio of Bridge and Building expense to total maintenance

of way expense varied from 18.2 per cent, to 22.5 per cent.

(3) The ratio of Signal expense to total maintenance of way expense

varied from 1.5 per cent, to 2.6 per cent.

(4) The ratio of Road Department labor to total labor expense

varied from 77.9 per cent, to 79.1 per cent.

(5) The ratio of Bridge and Building Department labor to total

labor varied from 18.5 per cent, to 19.8 per cent.

(6) The ratio of Signal Department labor to total labor varied from

2.2 per cent, to 3.5 per cent.

(7) The ratio of Road Department labor to total Road Department

expense varied from 54 per cent, to 54.8 per cent.

(8) The ratio of Bridge and Building Department labor to total

Bridge and Building Department expense varied from 46.8 per cent, to

56.2 per cent.

(9) The ratio of Signal Department labor to total Signal Department

expense varied from 68.2 per cent, to 74.5 per cent.

These ratios, of course, are without regard to classification of line,

and the figures cover the system as a whole.

The analysis extended over the three-year period above mentioned,

during which time important and erratic increases occurred in the cost

of labor and materials, and yet it is interesting to note that the relative

percentages were not changed materially thereby.

Labor, of course, is the basis for all material costs, and if labor in

all classes of industrial development increases in about the same ratio,

and if a normal program of work is maintained, it follows that the pro-

portions should not differ materially, but it was somewhat surprising

that during the period under discussion, with all of the violent fluctuations

in material costs, that these relations were not vitally affected.

Of course, during the year 1918 it is quite probable that a similar

analysis would establish different proportions as between labor cost and

material cost because of the rather heavy increases put in effect during

the year in railway service, and yet it may be found that material costs

followed about the same curve.

Exhibit "B."—This analysis reflects a suggested method for attempt-

ing to establish a normal maintenance cost, having regard to two major

conditions—first, class of road, and second, equated track units—the basic

unit being one mile of main track of first-class railroad.

The railroad under consideration occupies a northern latitude and is

subject to extremes of climate ranging from twenty degrees below zero

to one hundred degrees above zero, and embraces a mileage of about one

thousand miles, which were divided into four classes, as follows:

Class A-1. Being a double track, heavy traffic density line on which the

standard of maintenance provided for the laying of 100-

Ib. rail, and carrying a high speed passenger traffic and a
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heavy freight traffic with locomotives equivalent approxim-

ately to Cooper's E-SO loading.

Class A. Single track line handling similar traffic, except passenger

train service was local, but engine loadings were the same. The

standard of maintenance on this class of line called for the

use of 90-lb. rail.

Class B. Medium light branch line, well ballasted and laid with relaying

rail, and handling locomotives equivalent to about E-40.

Class C. Very light branch lines handling a limited traffic, not exceed-

ing three or four passenger trains and three or four freight

trains per day.

Certain assumptions had to be made for the purpose of equating track

values, which were as follows:

["2 miles of passing track,

One mile of main track is equivalent to J 2j4 miles sidetrack,

I 15 switches.

In this analysis the period under consideration was five years from

1912 to 1917, inclusive, during which period costs generally increased, but

fairly stable proportions were maintained throughout the period.

Of course, this analysis does not cover other important features of

the work, such as Bridges and Buildings, Signals, etc., but any study of

this kind necessarily must be progressive, and track expenditure being the

larger proportion of total expenditure, logically should be taken first.

In conclusion, the Committee urges and recommends the continua-

tion of this study leading to further and important results.



Exhibit "A."

Table 1.

ANALYSIS OF EXPENDITURES OF ROAD. BRIDGE AND BUILDING AND
SIGNAL DEPARTMENT

1. TOTAL EXPENDITURES OF DEPARTMENTS (Exclusive of Superintendence)
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ANALYSIS OF EXPENDITURES OF ROAD DEPARTMENT LABOR COSTS ARE
EXCLUSIVE OF SUPERINTENDENCE
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Road Department materials has increased in the same proportions as the

total expenditures for material, as shown above.

This assumption would be absolutely correct for roads with definite

maintenance program, i. e., fixed per cent, of tie renewals, fixed life of

rails, etc.

Ratio of Labor to Total Cost
Authorized increase rates of labor over 1915.

.

Authorized increase rates of labor over 1916.

.

Increase weighted average cost Material 1915.
Increase weighted average cost Material 1916.

Total cost of labor increase over 1915
Total cost of labor increase over 1916

54.0% 54.6%
4.0%

4.5%

7.1%

54.8%
12.5%
8.5%
3.6%
3.0%

40.5%
31.0%

Authorized in-

crease in rates less

than total increase
in labor cost—due to
extra gangs or extra
men substituting
for regulars of high-
er than scheduled
rates.



Exhibit "B."

Table No. 2.

AN ANALYSIS OF THE COST OF MAINTENANCE OF WAY AND STRUCTURES
FOR THE PURPOSE OF ESTABLISHING PROPER RELATIONS BETWEUtJ
EXPEJ^DITORES PER MILE OF LINE AND UNIT ,OF TRACK FOR DIF-

FERENT CLASSES OF ROAD.
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Having established "factors" as above, it is possible to reduce all

"maintenance units" to a common basis and thus determine the proper dis-

tribution of the allowance for maintenance as between various divisions

or districts, as, for example:
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(5) LABOR-SAVING DEVICES.

C. H. Stein, Chairman; W. J. Backes,

R. C. Falconer, A. F. Blaess,

J. W. Pfau, Lieut.-Col. H. J. Slifer,

Sub-Committee.

(5) Your Committee reports progress and asks to be relieved from

further investigation of this subject. The field has been as thoroughly

canvassed as possible during the past two years, and the Committee pre-

sents herewith a list of 30 well-known and efficient labor-saving devices

in use on railroads, and 35 "kinks" or labor-saving devices used not so

generally and little known, but of marked utility as railroad specialties.

Manufactured or Patented Devices.

1. Thawing Machines.

Various appliances for use in removing ice and snow from interlock-

ing switches, frogs and derails; for thawing frozen bearings of cars,

thawing frozen water pipes and burning weeds. These devices consist

of different styles of blow torches or flame throwers with the necessary

containers and power.

2. Hydro-Carbon Snow Melting Process.

This is a process whereby the by-product obtained from the manu-
facture of Pintsch gas is utilized with specially designed and patented

safety cans to distribute oil over frogs, switches, interlocking pipes, etc.,

for the purpose of removing snow. It is in use on a large number of

railroads. Each can holds approximately three and one-half (3^^) gal-

lons of oil and can be operated by one man. The outlet consists of a safety

cap and valve, the latter being opened when the point is reached where
it is desired to distribute the oil. After the valve is open the oil begins

to flow and is lighted by a match or torch and the ignited oil, as it issues

from the can, remains burning on the snow until the snow is melted. Some
roads have used, instead of the hydro-carbon oil obtained from the Pintsch

gas, a specially prepared oil manufactured for the purpose. There are

various other devices and appliances of a similar character on the market.

3. Portable Milling Machine for Milling Pockets in Stock Rails for
Switch Points.

This device can be clamped to the head of the stock rail and oper-

ated by hand, so that the pocket to the switch point can be milled from
the stock rail without the necessity of taking the rail from the track. It

is said that the milling of the stock rail for the switch point will result

in less wear on the switch point, with consequent longer service.

4. Pneumatic Tie Tamper.

This is a pneumatic device consisting of a pneumatic hammer with
tamping iron attached and an air compressor car. It is used for tamping
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all kinds of ballast and is considered a very economic device with certain

conditions. It is claimed to be particularly useful around frogs, switches,

crossovers, water pans, and other places that are inaccessible to the ordi-

nary tamping pick and bars. It is in use in large numbers on many of

the railroads.

5. Side Dump Cars.
|

These are manufactured by a number of concerns and are very popu-

lar; They are operated in trains just as the ordinary freight car is han-

dled and are unloaded either by hand or pneumatically ; or, if small, can be

set in pairs on top of ordinary flats.

6. Spreader Cars.

There are several designs of this device on the market. They gen-

erally consist of an all-steel, air-operated, double-wing car used for level-

ling earth and plowing snow. One man is employed to operate the ma-
chine and it is controlled entirely by air from the locomotive. It is esti-

mated that this machine will perform the work of an equivalent of 300

men, where there is use for it. It is stated that on one division of a

Western railroad it was used during the entire winter of 1917 for han-

dling snow.
:
_l|l

7. Rail Unloaders. 1

There are several designs of this machine. It is a small derrick

mounted on wheels and may be moved over the tops of gondola cars

and raised on their sides for loading and unloading rail. It is also built

on an ordinary flat car, operated by air from the train line.

8. Railroad Motor Inspection and Section Cars.

These are manufactured and sold by various large concerns, are built

along the same general lines, and are direct or indirect connected drive.

Each manufacturer employs certain specific principles of design that are

peculiar to his car. Those who have made tests of these cars, as com-
pared with the old style hand-operated car, claim that there is tremendous
economy in their use.

9. Air looters.

These are commonly known machines and are manufactured by many
concerns producing air appliances. They are used to operate rail drills

and wood mortising machines, rail saws and any power-driven machinery.

10. Electric Motors.

These perform the same class of service that air motors perform and
are sold by all of the large manufacturing establishments.

11. Oxy-Acetylene Welding and Cutting Apparatus.

This is a portable welding and cutting unit mounted on hand truck,

the gas being secured from acetylene and high pressure oxygen cylinders,

and is of tremendous utility, especially on a wreck train, where it can be

used for cutting apart couplers and all classes of steel, thus materially
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reducing the time consumed in doing the same class of work by hand.

It is also used for repairing worn-out frogs and for cutting rails and

bridge steel.

13. Stone Ballast Screen Cleaner.

This is a device similar to any ordinary screen with a bag attach-

ment into which the dirt falls. This screen is so designed that it can be

placed between tracks and afford clearance. It is highly recommended by

some users.

14. Conveyors.

These are known as wagon loaders and are produced by conveyor

machinery manufacturers. They are made portable for handling mate-

rial such as sand, crushed stone and coal.

15. Three-Man Track Layer.

Under certain conditions of track laying it is said that very consider-

able savings can be made by using this machine, which is of the portable

derrick variety, suitable for handling single track rails to place.

16. Weed Killers or Destroyers.

These devices are of different varieties; one where the weeds are

destroyed by a chemical solution fed upon the track and to a certain

distance outside of the rail by a sprayer car; another destroys the weeds

by superheated steam without the use of chemicals. It is estimated that

where there is use for devices of this kind, the cost per mile of track

is but a small percentage of the cost of removing the weeds by the old

method of hand labor.

17. Ditching Cars.

Small cars on narrow-gage tracks into which ditch cleanings and

other refuse material may be loaded and pushed by hand to nearby dis-

posal grounds. The small bodies of these cars set in trunnions and can

be turned over by hand to unload with very little effort. The narrow
gage track is constructed alongside and clear of the running track

wherever the space is sufficient.

18. Locomotive Cranes.

These devices are of standard make and are manufactured by a num-
ber of large concerns, and of various capacities. Their utility for vari-

ous purposes is well known. They are manufactured with long and short

booms and can be used for handling all kinds of material, and for exca-

vating by use of clam shell pockets; also for light ditching around coal

yards. They are made self-propelled and non-self-propelled. Many of

them are also made with pile-driving attachments. They have the ad-

vantage that one is able to place them in almost any location where a

car can be placed. The locomotive crane has a wide field of utility and
is perhaps one of the most economic and useful machines on a railroad.

Cuts are herewith submitted showing some of the uses to which they

can be applied.
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19. Portable Air Compressors.

These machines are manufactured by almost all concerns manufactur-

ing pneumatic tools and can be used to produce power wherever air tools

are used; that is, for hammers, riveters, chippers, drills; for mortisers

and other wood-drawing tools. The Pneumatic Tie Tamper, referred to

above, uses a portable compressor car in connection with its operations,

which, unlike the ordinary air compressor, is attached to a standard gage

car.

20. Printing Press.

These devices are hand-lever presses with platen rollers. They are

used for printing titles on drawings with special ink, save labor and hand-

lettering and keep standard form of titles on all tracings and maps. They
are also used for envelope headings, titles on filings jackets and other

small printing jobs and are very useful in the general offices of railroads.

21. Excavating Rails.

It is said that this device was in use on a certain large railroad as

far back as the year 1900, but it is now patented and consists of two

short rails laid parallel to running rails. The running rails are sup-

ported on stirrups hung from the short rails. Its use is to carry any track

under traffic while excavating beneath the same for sewer, water pipes,

etc. It is a cheap arrangement and is a good and economical substitute

for the old method of digging out under the track in order to place

wooden stringers.

22. Woodworking Machine.

This machine consists of a saw table, shaper, band saw, jointer, mor-

tiser and planer. It is operated by a lYz H.P., 3-phase, 60-cycle, 220-volt

electric motor, belt driven. It is used for making and repairing furniture,

manufacture of screens, screen doors, storm doors, windows and every

description of light mill work, common to railroad terminal shops and

offices,

23. Concrete Mixer.

These machines are of various designs and types, are portable and

sometimes placed in a stationary position on flat cars. They are produced

by a large number of manufacturers and are economical substitutes for

the old hand method of mixing.

24. Blue Printing Machine.

A number of modern machines have been produced by various manu-

facturers combining printing, washing and drying features; also auto-

matic rolling-up device operated by motor. These are very useful and

economical as compared with the old hand method of blue printing.

25. Portable Trench Pump.

This is a gasoline-driven pump mounted on truck complete with en-

gine and side suction open side discharge pump of the diaphragm type. It

is useful around all bridge construction and sub-structures where water
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is encountered, where a large pump is not necessary and where hand

pumping involves a large amount of labor.

26. Railroad Ditcher.

The ditching machine is a popular modern device for excavating

from the decks of flat car trains or from the ground. The raihoad

ditcher is a labor saver and is put to a variety of uses. It is sold with

a pile-driving attachment, and has been used to handle a clam shell and

to perform other work usually done with a locomotive crane. The ditch-

ing machine has the advantage of being readily portable and quicker in

action than the heavier steam shovels or cranes.

29. Switch Point Straightener.

This consists of a clamp or vice arrangement with ratchet rising bar

for lever. One man can straighten switch points without removing points

from track. It is applied to the switch point in about the same way as a

rail bender is used.

30. Rail Joint Expander.

This device fits from 50 to 100-lb. rail. Its purpose is to get expan-

sion for end posts when installing insulated joints for track circuits.

Clamps are attached to ends of each rail or joint and screw jack arrange-

ment between clamp is operated with small bar or jack lever. It is said

that it can be handled by two men and takes place of six or eight men
to drive rails for expansion.

Special Devices or "Kinks."

1. Roadbed Cultivator.

This is an implement for economically and efficiently plowing up bal-

last which has settled or become impregnated with growth of weeds ; and

reshaping of the ballast to standard contour. The equipment is mounted

upon a car specially designed for the purpose and consists of a pair of

plows with a scraper or ballast spreader located to the rear of the plows.

The raising and lowering of the plows and shaper is done by air

pressure and can be entirely controlled by two men.

The plow next to the rail is placed forward and above the outer plow.

The forward plow cuts a furrow in the roadbed adjacent to the ends of

the ties, the bottom of this furrow being slightly below the level of the

bottoms of the ties. The gravel or other material of the roadbed ii thus

thrown by the plow inwardly toward the rail and up onto the ends of the

ties. The gravel at this point, that is, adjacent to the ends of the ties, is

usually finer than that further down the slope of the roadbed, and it is

the function of the forward plow to remove this relatively fine ijravel

from the upper part of the roadbed and pile it temporarily on the ends

of the ties.

The plow following below and outside of the first plow throD^s the

relatively coarse gravel of the lower portion of the slope of the rcadbed

up into the furrow made by the first plow, the bottom of which furrow,
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as before stated, is slightly below the level of the bottom of the ties. Thus

free drainage is provided for that portion of the roadbed immediately

below the ties.

The horizontal scraper following the plows is adjusted to clear the

tops of the tie ends, the forward end thereof running parallel and adja-

cent to the rail. The inclined portion of the scraper scrapes the rela-

tively fine gravel which has been thrown up onto the tie ends by the first

plow off of the tie ends and over the edge of the roadbed, whereupon this

gravel falls down into the lower furrow made by the second plow. Thus

by the co-operative action of the two plows and the scraper, the relatively

coarse gravel at the lower edge of the slope of the edge of the roadbed

and the relatively fine gravel at the upper part thereof are made to change

places. The scraper or spreader smoothes out any inequality in the slope

of the roadbed left by the plows and forms slope to the desired contour.

Inasmuch as similar members are mounted on both sides of the cars,

but controlled by separate mechanisms, the two sides of the roadbed may
or may not be treated simultaneously as convenience or necessity may
direct. Means are provided to permit operation of the cultivator over

irregularities in the roadbed, on curves, where the outside rail is raised

and where obstructions are encountered. Not only can the plows and

scrapers be raised up to a vertical position to clear obstructions, but they

may also be swung back or in towards the side of the car.

The cost of operation of the roadbed cultivator per mile of track

varies considerably according to obstructions encountered, as well as

density of traffic, but considerable of the work has been done at a cost

as low as $1.30 per mile. This cost includes engine service, wages of

train and engine crew, as well as wages of operators on the cultivator.

2. Light Derrick.

A light derrick, handling 3,000-lb. loads, that can be quickly mounted
on an ordinary push car, has been found to be a great labor saver in

bridge gangs.

3. Tie Plate -Elevator.

The tie plate elevator consists of a link belt conveyor upon which

tie plates are received after leaving the punching machine. Through
means of the link conveyor, plates are elevated to a sufficient height and

discharged upon an inclined plane which is swung over the track in such

manner as may be desired to discharge plates directly into gondola or

other type of car spotted for loading. The machine is rendering very

efficient service.

4. Oil Sprinkling Device.

This attachment consists of a perforated ly^-m. black iron pipe,

coupled to the discharge openings of a standard oil tank car. The method

of regulating flow of the oil, as well as raising and lowering the pipes

to avoid obstruction while in motion, is illustrated on drawing attached.

Perforations in pipe consist of H-in- holes placed 2 in. center and
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threaded for plugs. Plugs are used in the alternate holes when the oil

is hot and running freely. In cold weather plugs are removed in order

to secure proper flow of oil. The swing joints in the pipe consist of

ordinary elbows with a nipple between them.

5. Straddle Leg Pile Driver.

The trestle across Great Salt Lake is 12 miles long, with very heavy

traffic, and piles cannot be driven with an ordinary car pile driver without

great delay to trains and heavy expense for work trains.

The use of floating pile drivers cannot be resorted to an account of

the roughness of the lake.

Photograph submitted shows an adaptation of an ordinary straddle leg

bridge traveler to pile driving purposes; the driver moves on rollers on

the outer edges of the deck, the engines being placed on the upper platform

and leads are pivoted so as to swing in either direction. The trestle is of

the ballasted deck type and is 16 feet wide. The driver is 14 feet 8 inches

wide and 22 feet high in the clear, making it possible for trains to operate

through it without interfering with the driving.

6. Tie Plug Machine.

In years past it has been customary for section men to make tie plugs

from straight grain redwood ties. Plugs were sawed four inches in length

and split with a hatchet as near as possible to size. Average output per

man per day was 1,000 plugs.

Several types of machines were devised for sawing and sizing plugs.

A machine was finally perfected with an output of 100,000 plugs per day

at a cost of SSc per thousand.

Mr. Carman recently designed and has obtained U. S. Letters Patent,

No. 1,218,836, on an improved type of tie plug machine, which will have

an average output of 400,000 tie plugs per day, at a cost ranging from 26c

to 40c per thousand, according to the price of the lumber from which the

plugs are manufactured.

Prior to the advent of the new tnachine, mill-sawed timber was used

in the manufacture of the tie plugs, whereas the new machine will turn

out the plugs from timber as it comes from the forest and will work
up refuse lumber about the lumber mills.

It is preferable to locate the machine and manufacture the tie plugs

at mills where the timber is handled.

7. Weed Burner.

The weed burner is constructed on a car 52 feet in length, the body of

which is made from scrap steel bridge girders. Car carries a burning

table, lined with fire brick, with a movable wing on each side of the

table to extend out over and down the shoulder of the bank for the

purpose of directing the flames onto the outer slope of the bank. The
burning table, as well as the wings, are raised and lowered by air pressure.

Valves covering the operation of the burning table and wings are cen-

trally located, making it possible for one man to readily control the burn-

ing operation.
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Distillate is used for fuel and is sprayed with steam pressure sup-

plied from the locomotive.

The implement was designed for the purpose of burning grass and

weeds upon the track and the best results are obtained in the early spring

while the grass is yet green, the object being to sear the growth and

kill the root. As a general rule, two burnings are required for good re-

sults ; the second burning following the first by an interval of a few days.

Where the weed growth is very light or quite dry, one burning may be

found sufficient. In order to keep the roadbed entirely free from weeds,

some supplemental hand work usually has to be done where the growth

is unusually heavy or where certain patches of perennial vegetation may
occur; but, on the whole, it is considered an economical operation, as com-

pared with depending upon hand labor, even in normal times, and all the

more so under prevailing conditions.

The average cost, all items of expense included, for first burning has

been approximately $10.00 per mile and for the second burning $6.00 per

mile, or a total of $16.00 per mile where first and second burnings have

been made.

9. Extension Beam.

For the convenience of jacking up derailed locomotives. This device

consists of four steel plates 6 feet long with 3-inch holes placed every 12

inches to receive a pin of the same diameter, which engages the under-

side of the pilot beam and the top face of a 12 x 12 x 18 ft. timber which

extends a sufficient distance outside of the track and affords a purchase

high enough to secure adequate foundation for jacks without the usual

excavation. In practice, the device has proven most successful and elim-

inates considerable lost time in re-railing of locomotives and consequent

damage to track where practice of pulling them is applied

10. Frog Wing Bender and Templet.

This tool consists of ordinary switch tie for a foundation, around

which is fastened a "U" strap, which is drilled near the end of arms to

receive a 2i^-inch pin which engages the wing rail to be bent. An ordi-

nary track jack being applied at one end after proper heating; templet

being made of gas pipe as an adjustable middle arm and when adjusted

to the old wing will produce the same angle when placed in the same rela-

tive position on the rail to be shaped. In practice it has been found pos-

sible to heat and bend a rail to the desired angle in ten minutes, which

is about 10 per cent, of the time ordinarily required where hammer and
angle is used and a more satisfactory job is obtained. The same tool is

also used for making short breaks of rail in maintenance of way shop

13. Power Rail Curver.

This device consists of old style Elliott stationary roller bender

anchored to a dead-man in a vertical position, the rail being passed to. the

rollers in the usual manner, the movable part tightened and power ap-

plied either by locomotive or stationary engine and rail drawn through,
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against the usual practice of a socket wrench and hand power. In this

manner 125 rails per ten-hour day may be curved to the desired radius

with eight men and an engineer. This machine is used to curve lead and

curve rails and for straightening of damaged rails and curving of, guard

rails. Surface rails are also straightened by reversing the position of the

rail in the roller.

14. Screw Spike Remover.

This device consists of attaching a large wheel to a screw spike

wrench in place of the ordinary T-handle. It is noticeable that in remov-

ing screw spikes, two men are required and the constant changing of

hands on the ordinary T-handle makes the pi'ocess slow and awkward. If

a large wheel, of the old heavy type of a brake wheel with a handle at-

tached to its side, is used, the momentum of the wheel held by one man
and revolved by the handle by the other without removing his hand, will

quickly remove a spike from a tie.

15. Erection and Repairs of Water Columns or Removal.

This kink consists of a collapsible A-frame made of 2-inch and 2J/2-

inch pipe and guyed two ways with a 1-inch rope, to carrj- the overhead

blocking necessary to hoist the parts in place. Ordinarily a long wooden

tripod is used for erecting any part of the crane and setting this up re-

quires at least four men. The length of these legs is 22 feet. If the crane

is in an isolated place and is an important water station, it is expedient

that the new parts and the tools for replacing them be hurried along by

passenger train. With two such collapsible legs made up of a 12-foot

length of 2^-inch pipe with 12-foot extension of 2-inch pipe and enough

tackle and rope to guy the frames both ways, two men can handle any

part, and easily place it in the baggage car of the train.

16. Shackle Band for Repairing Timber Trestles.

This is a device used on timber trestles where caps are in need of

renewing or the stringers need shimming on account of the settling of the

bents. A shackle band is made of 1-inch x 4-inch iron bent so as to fit over

an upright post of the bent itself.

Another shackle band is made to fit inside the first and held there by

a 1-inch bolt. The back of the smaller band is sharpened somewhat in

forging, so that it will grip the 12-inch timber as soon as any weight is

put on it.

The bolt is removed when the device is to be used, the larger band

slipped around the 12-inch x 12-inch and the inner band put in place. It

can be put around the bottom of a 12x12 post and two men can raise it

to the required height. After the weight of the larger band is taken by

the sharp edge of the smaller it grips the timber and the grip increases

with the weight put on it. Two such bands will make a scaffold that will

raise any set of stringers. If a joint comes over the bent, all that is

necessary is to chain both sides of the rail and lift rail and all. Then
the bent is free to take off the cap or even replace one of the posts if

necessary.
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17. Oil Sprayer, for Spraying Rail and Fastenings.

This machine is used for spraying rail and fastenings with oil. Its

purpose is to spray such fastenings with oil in order to prevent corrosion

and to enable the fastenings to be taken off and replaced readily without

destroying any of the parts, as so often happens when they become cor-

roded.

18. Tie Spacers.

This device is clamped to the base of rail and used for a fulcrum of

a spacing bar, for spacing ties, and is in general use on one of the large

roads. It is said to be simpje and easily handled, and eliminates the dam-

age ordinarily done to ties by pounding them to place with a spike maul.

19. Rail Unloader.

This consists of an apron and hook for unloading rail endwise from

flat cars. A chain is used with hook on one end and a bolt that can be

put through a hole in the rail at the other end.

The hook is set over the end of a splice in the track and as the car

is moved slowly forward the rail is unloaded, and the sloping pieces of

the apron guide the rail to the side of the track outside of the track rail.

20. Track Liner.

This device is a wedge-shaped wooden block, 18 inches long, 8 inches

wide and 2 to 5 inches thick, cut out of a tie or piece of 5-inch crossing

plank and put under the rail, the 8-inch x 18-inch base of the block being

set horizontally. The claw bar is then put under the rail and by pressing

down towards the ground on this claw bar it is said one can do as much
lining with three men as can be done with six men prj'ing up on lining

bars. A 2-inch diamater pipe 5 feet long is attached to the end of the claw

bar to give the men leverage. The ballast is moved from the ends of

the ties and dug out between ties about down to the bed or base of the

ties, so that the block may be put in and so that the claw bar will fit

snugly between the base of the rail and the block. The men then put

the pipe on the claw bar and put it in place, prj'ing down on the claw

bar; this kicks the track over to line. It is particularly useful in cinder

ballast. It is also said to be used to good advantage on slips, which in

the winter time have to be lined very frequently. It is said that during

last winter on a five-mile section, containing about 1^ miles of slipping

track, a foreman with only two men was able to keep this track in line.

In soft weather, where this track had to be lined almost every other

day, for from two to four inches, the foreman did all of his lining with

this block and claw bar.

24. Tie Plug Driving Device.

This device is similar to a concrete tamper, with a large, flat head,

for driving tie plugs while in standing position, which makes the driving

much easier and much quicker.

25. Rail Roller.

This is a simple roller device used for the driving rail where it is
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necessary to space rail or open up joints, and is a substitute for the ordi-

nary method of lifting the bumping rail with tongs and sliding it over

angle bars.

26. Machine for Replacing Bridge Ties.

This device consists of a horizontal 20-foot wood boom set in a

steel underframe, on which is mounted a windlass operating grab hooks

by means of a system of cables and pulleys, the whole machine resting

across a push car above the ties to be replaced.

The base is an 8-inch channel iron 12 feet long, on each end of

which is erected a -34-incli x 4-inch stirrup, or U-shaped ii'on, riveted

through the bottom of the channel. Between the uprights of this stirrup

are two rollers 6 inches in diameter placed about 6 inches apart. Between

these rollers is a wooden boom 5 inches x 6 inches x 19.6 ft., with a four-

inch sheave in each end, over which a 5^-inch wire cable runs to two small

flanged pulleys 4 inches in diameter with cranks attached. This is for

hoisting or lowering the ties. These pulleys have notched edges on one

side in which a dog engages to hold the tie at desired height. There

is a pulley on the channel iron shown just at the edge of push car. This

has ^-inch wire cable two turns around and locking, and is used to ex-

tend or draw in the boom. There are grab hooks on end of cable for

fastening to ties. The machine is also supplied with anchors from end

of channel iron which hooks under guard rails. It is only necessary to

use this when removing or replacing caps to keep machine from tipping

over.

In replacing ties, the old tie coming out balances the new one being put

in and anchors are not required. In replacing ties small quick-lifting jacks

are used, set on the stringers between the ties and raise ties clear of the

stringers about 2 inches.

It is said that this avoids the necessity of removing guard rails, and

that eighty ties have been placed with it by six men in one daj^ The push

car is equipped with a plate fastened to deck of car, through which a

king bolt is inserted, thus allowing it to be swung at an angle. It can

be lifted off the car readily.

27. Machine for Transferring Coal from Crippled Cars.

This is made of old material and, it is said, will transfer a fifty-ton

car in one hour with two men, if the car is self-cleaning.

28. Holder for Head of Bolts in Keystone Insulated Joints.

This device is used when tightening nuts to prevent bolts turning.

The tightening of nuts on bolts of Keystone insulated joints is very dif-

ficult for one man to handle. It often happens, therefore, that they are

neglected. The device shown in sketch holds the head of the bolt so that

the bolt will not turn and may be tightened with one wrench.

29. Painting of Signs with Raised Letters.

The practice which is here suggested has been used with very good
results, is to take a piece of plush drawn tightly over block of wood
2 X 3 X ^ inches and tack the plush to the edges. Paint should be thick
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and applied to plush pad with a brush. The pad should then be rubbed

over the face of the letters very lightly. This practice has been used for

a number of years, and it is found that on signs with a great deal of let-

tering as much work can be done in five minutes with this device as with

a paint brush in from two to three hours. Furthermore, the work has

been found to be durable.

30. Staggered Switch Points.

Wear on switch points and the possibility of derailments where

switches depart from the inside of curves has been a very serious mat-

ter. To overcome this, certain roads have staggered their switch points

by placing the one switch point 2 feet ahead of the other, in order to be

able to place a guard rail opposite the switch point on the high side of

the curve and thus relieve the wear and tear and strain against that

point. This is particularly useful in yards and is not recommended for

high speed main track use. The cut will show method of .installation.

31. Foot Rest for Shovel.

This consists of a piece of gas pipe 3 inches long split and fastened

to a tamping shovel to serve as a foot rest. In some instances a light

piece of angle iron is used instead of gas pipe and riveted to the shovel.

The gas pipe, however, has the advantage of curvature and is easier as a

foot rest for the shoveller. This is said to give good results as a labor

saver.

32. Lining Bar Plate.

This is said to effect a saving of about 50 per cent, in the labor of

actual throwing when track is lined. The device consists of a steel plate

5^x5x15 inches. When in use it is laid on the ballast under the rail,

and makes a firm support for the point of the bar, preventing slipping

and increasing the leverage of the bar. It is said that by the use of this

device a smaller gang can line track than otherwise.

33. Cultivator Disc for Cutting Sod Lines.

This cultivator disc on an adjustable rod is fastened to a push car

or hand car. It has been found effective in cutting sod lines and is much
faster than the ordinary method. It is said to make a line which looks

well and approximates the standard in distance from the track.

34. Rail Loader.

This machine is used where a regular loading machine or derrick car

is not available. It is said to be very effective in picking up and loading

rail along the tracks. It consists of a piece of wire cable about 100 feet

long; on one end there is a grab hook made from the jaws of a rail tong.

This hook is used to fasten to the piece of rail being raised into the car.

On the other end is a clutch, also made from a rail tong, by bending the

handles at about a 45 deg. angle. This clutch is arranged to anchor to the

rail in track behind the car being loaded. The cable operates through a

6-inch sheave wheel, which is attached to a post fastened to the side of

the car. This post can be made from a piece of short mill rail.
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The operation of this device is very easy and simple. It is necessary

to have the rail marked to show the exact center before the grab hook

is applied. The clutch which is fastened to the track behind the car is

operated by one man, who holds it solid and tight while the car is moved

ahead far enough to raise the piece of rail above the side, then two men
can turn the rail around to allow it to drop into the car when the man
operating the clutch releases it. Then the clutch is moved ahead and

anchored to the track again, as the car is moved to the next piece of rail

to be picked up. Rail along the tracks can be loaded in this manner about

as fast as it could be handled with a derrick car, and few if any more men
are required to do the work.

35. Portable Power Track Drill.

The portable power track drill is one of the coming labor-saving

devices. There is now such a machine on the market, consisting of a

small gasoline "engine, belt connected to a drill designed to be clamped to

the rail. The engine and drill weigh 300 pounds. Such a drill has a

capacity of 240 holes per day, including necessary moves from rail to rail.

Improvements along the lines of conservation of weight, increase in

portability and decrease in number of parts will undoubtedly develop a

machine of decided value to the track maintainer. There seems no reason

why the same machine cannot be fitted with a device to tighten the nuts

on track bolts inserted in the newly drilled holes.



Appendix E

THE NEW ECONOMY
A Monograph

By E. R. Lewis.

The souls of men stirred to their depths by the spirit of that vast

discontent of which the World War was a result, are by no means

free of the aftermath of unrest which precedes the dawn of a new era

of peace; the great reward for which America took up arms to defeat

that enemy whose materialistic ideals threatened the life of Democracy.

The Nation, shaken by this vast upheaval, has not yet become ad-

justed to those new conditions which must govern the subsidence to the

new level of the affairs of men engaging again in the pursuit of peace

and happiness.

There is grave cause for consideration of our future attitude toward

the business of the future.

Among matters of most import to the American people is the future

of its lines of communication, its great arteries of commerce, its chief

lines of rapid transit, the steam railroads. These highways, must be

maintained in serviceable condition, for on their efficiency depends all

other industry, the very maintenance of life itself.

The growth of the Nation, made possible by the building of the

railroads, is stunted the moment the wheels cease turning. Continuous

service demands continuous maintenance. Efficient service demands ef-

ficient maintenance. Efficient maintenance demands efficient labor. Labor

conditions are changing with the times, changing daily. Do those who
must formulate the railroad policies of the future realize and recognize

these changing conditions? Are they so closely in touch with the man
behind the pick that his viewpoint is unmistakably clear to 1;hem? It

is safe to say that they do and that they are. And therein lies the belief

that this dawn of reconstruction will gradually brighten into the full

glare of a new era of railroad maintenance so vitally necessary to the

corresponding excellence of operation demanded from all sides.

When it becomes necessary for the price of labor to be reduced in

ratio with the prices of all foodstuffs and other necessities, the costs of

which are now at war time level, it is certain that maintenance of way
employees will not suffer from reduction of wages "below the market."

Experience, best of teachers, has taught the unwisdom of such a

course so thoroughly that railroad men cannot forget.

The comparative ultimate economy of the permanent employment of

trackmen as against the hiring and firing, from season to season, has been

made so plain in practice that most railroads now allow much work to

be done in winter months that was formerly done in summer. The slack

season is thus fast disappearing, while the work is better performed by

a moderate permanent force of skilled men, which has replaced the

hordes of temporary workers who once were hurried through the work
in half the time to the detriment to all and everything concerned.

803
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The new way is the economical way. The retention all the year

round of a force of maintenance of way workers assures efficiency in

in itself. Like other large employers of labor, the railroads have had a

deal of raw material in the past. Out of the changes wrought in the

last two years comes tlie call for a judicious seasoning of quantity with

quality. May the call be heard, and may it be answered with steady

application of the remedies which are being so promptly applied by the

industries with which the carriers must compete as employers of labor.

Permanent employees are best retained in reasonably good permanent

quarters. Working conditions should be commensurate with the quality

of the labor employed. The grading of the service gives the laborer

something to work for, creating the ambition that the old dead level wage

discouraged. Flexibility in the rate of wages is dangerous imless handled

by some one at the head of the organization who has vital interest in

finance and in the results to be obtained from labor. But flexibility there

must be to get most economical results.

The efficiency of labor is said, with reason and truth, to have de-

-creased greatly in the near past. Prominent among reasons for this

receding efficiency of labor is a corresponding and really alarming decrease

in efficiency of supervision. Those who claim that the railroads, and

especially the maintenance of way departments, are under-officered have

seemingly incontrovertible evidence at command. But this is not the

whole story or indeed the great part of it. One great weakness in the

labor situation is slackening supervision. The slackening of the super-

vising of those supervisors now employed is a condition to be faced and

fought. It is a condition of mind born of the times we live in. It can

be overcome by right living, by right thinking, by earnest hard work.

There is a why to every carelessness, to every oversight, to every

extravagance. What are needed on railroads are men who think for

themselves—men who remedy evils because they know their causes. In

no other way can we get rid of waste. In no other way can we get the

best service out of the facilities we have.

Now is the time, at the dawn of this new era, to plan practicable

economies : Wages a shade higher than the market ; working conditions

a bit better than the average; working methods that will save materials;

programs of work that will divide properly the time spent on various

items; supervision that is intelligent, not ordinary and dull, but bright

and always alert to discover advantage. There is no gainsaying the state-

ment that with less money and better application of gray matter we should

obtain lietter resuhs. Cooperation and correlation of officers, frequent

meetings and well-laid plans may prove to be the best first steps toward
the new economy.

The full advantage will readily develop as the plans are made item

by item. The time is now. The place is here. The brain and the brawn
are at hand. Is the thinker doing his part? Autumn will tell the tale.
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DISCUSSION ON SIGNALS AND INTERLOCKING

(For Report, see pp. 327-272.)

Mr. J. A. Peabody (Chicago & Northwestern) :—In the text there are

two slight errors. The plates on pages 351 and 352 are reversed in posi-

tion, but reversing the headings will take care of the trouble. In other

words, the one on page 351 should read "westward—C to A," and the

plate heading on 352 should be "eastward—A to C."

It is recommended that this matter be accepted as information, and

I so move.

(Motion seconded and carried.)

Mr. Peabody:—Your Committee recommends that the list of Rail-

waj' Signal Association specifications and standards submitted as Appen-

dix B by your Committee in its report in 1918 be published in the Manual

as supplementary to the list heretofore inserted for the information of the

members. I would so move.

Mr. H. R. SafFord (U. S. R. A.) :—Since this report was made, there

has been a meeting of the Railway Signal Association ?

Mr. Peabody :-—You understand that this matter which we are report-

ing now was submitted to this Association a year ago and turned back for

further consideration on the part of this Association.

Mr. C. E. Lindsay (U. S. R. A.) :—In the interest of the Committee

on Outline of Work, have any conclusions been reached by the Signal

Division which would modify the work for next year?

Mr. Peabody:—All we submit here has been passed on and approved

by letter-ballot by the Railway Signal Association.

I move that the first half of the matter shown on page 355 be ap-

proved. )

(Motion seconded and carried.)

Mr. Peabody:—Your Committee recommends that the submitted list

of Railway Signal Association specifications and standards submitted with

this report as Appendix B and shown on page 355, be published in the

Manual as supplementary to the list heretofore submitted or inserted for

the information of the members, and I would so move, Mr. President.

Mr. Lindsay :—Many of the members have not had an opportunity

to look over these proposals, which are to be inserted in the Manual, and

for the sake of the Manual we ought to follow the practice established

last year and that is, to have it go over until the following convention, so

that the members would have an opportunity of going over the matter,

and if they have any objections, be prepared to present them to the next

convention. We discussed that feature last j'car. To safeguard the

Manual, I believe it is necessar\'.

Mr. Peabody:—The list is given only as information for the

members of this Association, so that they will know where to look for

such material when they have use for it.

Mr. Lindsay :—I question whether the amendment would fully cover
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the situation unless the membership had an opportunity to see the Signal

Committee plans; but if they are interested in the subject by title, they

would have the opportunity of seeing the Signal Committee plans. I have

in mind particularly the subject" of ladders. I recall a case where a

standard ladder designed by a Signal Engineer was to be applied to a

tower, and the manner in which that standard ladder was applied was

perfectly absurd, if not dangerous, so that it seems to me that is a ques-

tion that might be interesting to some of our members, before the plans

are approved, by their insertion in the Manual. Therefore, I move that

this subject lay on the table until next year.

Mr. L. S. Rose (Cleveland, Cincinnati, Chicago & St. Louis) :—

I

think we are making a mistake to put that motion over. If these drawings

are shown in the Manual with a reference to where these plans can be

seen it will assist the members of this Association who have the Manual,

otherwise they don't know anything about it. The members of the Signal

Division have this, and if we were to have printed in the Manual a list

of the numbers of the drawings with their names, and where these things

can be seen, it would be very valuable^—it will be very helpful to the

members.

The President:—Isn't anything in a Bulletin just as accessible as it

would be in the Manual during the next year—to see these drawings and

what the numbers refer to?

Mr. Rose :—I have a lot of Manuals around, a lot of Bulletins

around, and it is hard to find those things. If you are in a hurry and

want to hnd them, it is very difficult.

The President :—It is your idea that we made a mistake last year

when we referred it back for a year?

Mr. Rose:—Yes.

Mr. J. L. Campbell (El Paso & Southwestern) :—If this matter is in-

cluded in the Manual, it becomes the recommended practice of this Asso-

ciation. I believe the conclusion of the convention last year was right and

that matter of this kind should go over one year.

Mr. H. A. Lloyd (Erie):—It is my opinion that if we took those

plans and made maps of them and distributed them in the form of a

Bulletin, then every member of the Association would be able to peruse

them at his own leisure.

Mr. W. A. Christian (Interstate Commerce Commission) :—I would
like to ask Mr. Peabody if the drawings of the Signal Division are too

large to be incorporated in the A. R. E. A. Manual? Many of our mem-
bers do not have access to the Signal Division Manual or Proceedings,

there are many men in this Association who do not see them, and if they

are not too large, I think they should be incorporated in our own Manual,

so that the members would have a copy.

Mr. Peabody:—The Manual of the Signal Association now consists

of something over a thousand pages. We are only referring to this Asso-

ciation such material as has been actually adopted by the Railway Signal
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Association. As to size, I am rather of the opinion that it is somewhat

larger than the Manual of this Association, although I could not say off-

hand.

Mr. Christian :—There are twelve drawings, if I understand this re-

port correctly. I do not ask to have all of the Signal Division's Manual

printed with our Manual, but onl}^ these twelve drawings to which you

refer.

Mr. Peabody:—You understand that this is only adding to a long

list which we have submitted from year to year heretofore, and to

do what you request would mean that we would have to, I suppose, issue

all of those that have heretofore been listed.

Mr. Christian :—What I have in mind is that all members do not

have copies of the Signal Division Manual; they do not know where the

drawings can be found, or have access to them, if they did know.

Mr. Peabody :—I suggest the best way to do would be for members

to become identified with the Signal Division, if they are interested

enough.

Mr. \V. C. Cushing (Pennsylvannia Lines) :--We have this same

kind of a discussion year by jear, and we do not seem to have settled

in our own minds the relation between the Signal Division and the Asso-

ciation. My recollection of our last action in regard to this is that this

which is now requested to be placed in the Manual is in the nature of a

bibliography, and there is no reason why we should not accept it as such.

It is a catalogue, an information index. It is the work of the Signal

Division and not of this Association, and is simply put in our Manual

for ready reference. There seems to be no reason why this should be

held over a year for that purpose, because we are quite well aware from

the action in past years that no one has ever checked up the last list

which has been published, and it would not do any good if it was, be-

cause it would be simply a criticism of the work of the Signal Division.

When this Committee publishes a report on a subject in which our Board
of Direction has directed it to work, it is published in our book, but the

work of the Signal Division is its own work originating in its own body,

and they are offering it to us for information, and it seems to me en-

tirely right that the action as recommended by this Committee should be

carried out, as it is a good thing for us to know where to find this' in-

forrtiation.

Mr. John G. Sullivan (Canadian Pacific) :—I want to second what

Mr. Cushing said. The expert is a man with sufticient knowledge to study

a question put up to him, and if I had to study a question of signaling, I

would probably go to the Manual and I would like to get as much infor-

mation from that Manual as I could, and if I was interested in the sub-

ject I would buy the books that Manual refers to. I second Mr. Cush-

ing's idea.

(Motion to include information in Appendix B carried.)
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Mr. Peabody :—Your Committee submits on .page 329 a report on

Subject 4 and recommends its approval and publication in the Manual.

Mr. Safford :—Would it not be better if the second clause of that

recommendation could be expanded to contain a little more to indicate

the character and conditions under which other types of advance informa-

tion can be substituted for this condition ? It says : "Overlaps are

necessary for opposing movements, where adequate advance information

cannot otherwise be provided." Is that capable of being a little more

definitely specified?

Mr. J. C. Mock (Michigan Central) :—The conclusion was reached

after the Committee agreed it was best to provide trains with proper ad-

vance information. The use of a second distant signal for some special

cases for double track operation was preferred to the use of an overlap.

For single track true approach indications to home signals are not

provided, because generally the conditions will not permit. Therefore, the

overlap is quite necessary, but only on single track is it justified as against

approach indications.

Mr. Cushing:—I would like to have a little explanation of just what

the meaning of this overlap is as used in this connection on single track

roads ; how long it is, and so forth.

Mr. Mock :—The Committee does not advocate the overlap, as you

will note in our conclusion.

The overlap is the extra distance between home signals, that is, the

allowance beyond the home signal for stopping of a train where the en-

gineman cannot see the stop signal indication far enough ahead of him

to stop at the signal.

In single track it happens the overlap is often the distance between

two opposing home signals. In general, it is an overrun protection be-

yond a home signal.

Mr. Cushing:—Is not the distant signal indication or advance signal

indication sufficient for that purpose?

Mr. Mock :—We think so. The overlap is now used on single track.

It was used extensively on double track because it was economical, but

it is now regarded poor practice to use only home signals, as many home
signal locations are such that without approach information it is physically

impossible to stop trains at them. An overrun section or overlap was

provided to afford protection from the rear, that is, an extension of con-

trol greater than the distance between two home signals. This enables

a train to hold the second home signal for the overlap distance. Good
signal practice now gives the engineer information before he gets to the

home signal.

Mr. Cushing:— I believe a stop signal, for the proper enforcing of

discipline, should be used as such. A clause like this should not be put

into our Manual without very careful consideration. Mr. Mock himself

says he does not believe in it, and yet it is recommended to go into the

Manual, and I am opposed to that motion.
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Mr. L. S. Rose (Cleveland. Cincinnati, Chicago & St. Louis) :—I think

we had better get a picture of what we are talking about and then we will

understand it. It is a pretty technical subject, and I believe there are

many here W'ho do not comprehend it.

Mr. Mock:—Given ti single track railroad having distant indications

for both directions and two trains approaching in opposite directions re-

ceiving clear distant indications at the same moment (which means that

the home signals are clear) and each having set the distant signals at the

same moment. They arc not properly protected. A preliminar>' control

in one direction to prevent the above condition would mean the spacing

of trains so great that they could not be got over the road or into the

sidetracks and meeting points. So in single track operation it is not prac-

ticable to give true distant indications under all circumstances, and there-

fore overlaps are provided, overlap being the protection the engineman

has if he should overnm his home signal.

Mr. Sullivan :—The last remark of Mr. Mock makes me more con-

fused about this thing than I was before. As I understand this matter

of overlap, a train going in one direction would have a certain overlap

—

we would say that the train going east would set the signal against the

westbound train before it reached the signal. The Chairman in his last

remark said it was a space in which you were permitted to nm beyond

the home signal.

Mr. A. G. Shaver (Consulting Engineer) :—If this question is dark

in the minds of some members, we will try to give an illustration. There

are two conditions which should be kept in mind where the overlap is

used. Let us first consider a double track where we have following

movements only. Some railroads have found it necessary in the past to

use overlaps where three position signaling is in use. Assume that glass

(pointing to drinking glass at one end of fable) is one signal, that

pitcher another signal, and this pitcher another signal. An overlap for

that first signal down there might be this one block (indicating space on

table between second and third signals). We are going this way; that is

an overlap on double track.

Now, we have another condition, an overlap on single track. This

is a single track (indicating space), and the trains are running both ways.

We still have the glass down there, the pitcher there and the pitcher

there. The train passes that signal up there, and we will assume that the

first signal it gets is clear, but goes to stop behind the train, and the train

proceeds and passes this pitcher. This is the second signal (indicating

pitcher) and this is set at stop as the train passes. They get in this

locality, part of the overlap, and both the signals are at stop, and we
will assume the overlap passes dow^n to this platter. As soon as they

pass, that signal will clear from stop and there is only one signal behind

them, and that is here (indicating), and they will proceed, and have the

same process of signaling in sequence.

Mr. Rose :—What you say, in substance, is that part of the time the
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train is protected by two home signals standing at stop, and part of the

time the train is protected by only one of these signals.

Mr. Shaver:—Yes, if you have only a partial block overlap. I refer

to a part block overlap. If there is a full block overlap, they are pro-

tected by two signals.

Mr. Rose:—You have two red signals behind the train if you have a

full block overlap?

Mr. Shaver :—Yes.

Mr. Rose:—The engineer has nothing to say about it. If he gets a

home signal, he stops. Without overlap he has one red signal behind him

all the time. Is that right?

Mr. Shaver:—That is right. Here is the overlapping for a single

track. Assume these are two signals, with the entrance signal going

west, and this is the entrance signal going east. They are opposing sig-

nals. If we had no overlap at all, two trains approaching toward each

other, coming to these signals at the same instant, would get an indica-

tion of clear and each get into the block under a clear signal. We have

got to have an overlap to protect against that. That glass up there and

this glass here govern that way (indicating) and the pitcher there and

that pitcher there govern that way (indicating). Vv'c have a train here,

and this train gets a clear signal, and when this train is approaching this

signal, that signal is set to stop up there ;
the other train approaches to

this pitcher, and gets the stop signal, and this space here is the overlap.

Mr. Rose :—I think he has a preliminary section and sets one signal

before he gets to it. It is not an overlap, but a preliminary.

Mr. Shaver:—An overlap in one direction and a preliminary in the

other, if you wish to put it that way.

Mr. Safford:—What bothers me about this rule is the positive state-

ment that "overlaps are "necessary." That is the opening part of the

rule, and I am not entirely clear in my own mind as to the following

part of the rule. I want to get clear in my mind what is the condition

that permits that rule to be set aside and rendered inapplicable. It says

that overlaps are necessary except where other methods of advance infor-

mation can be used. What is the conditiou that would make the overlap

undesirable in single track operation?

Mr. W. M. Camp (Railway Review) :—There seems to be an idea

with many of the speakers that an overlap, of which some of the gentle-

men have spoken, will permit rather loose running on the part of the en-

gincman ; for instance, because he is permitted to pass a home signal.

Mr. Rose has been asking questions to draw out information. Will he or

some other Signal Engineer present make it clear as to whether or not

an engineman, running on a track which is provided with overlaps, is

allowed "permissive" running? or why, if he should pass a home signal

in the stop position, he does not, by that act, necessarily disregard the

signal ?

Mr. Mock :—Mr. Camp has made one point against the overlap. The
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engineman realizing he is in overlap territory' where he has protection,

even though he should overrun a home signal, is more likely to overrun.

The other objection is that it does reduce the capacity of the line be-

cause if you allow a train to stand anjivhere on the overlap it is holding

at stop two signals in the rear.

Mr. Rose :—This so-called overlap is substantially a preliminary sec-

tion of the track which will set the opposite home signal on the single

track will not reduce the capacity of the line. On the double track that

scheme, as illustrated here, will, I think, do it, but on single track I do not

see how it will.

Mr. F. L. Dodgson (General Railway Signal Company) :—Perhaps I

can clear this situation a little. We speak about overlap on a double track,

and the Committee says that an overlap for the purpose for which it is

used on a double track is not necessary. On a single track it is neces-

sary to have control of one home signal, extend beyond the next home
signal for the purpose of providing a preliminary section, and prevent-

ing head-on collisions, or, in other words, to give protection for opposing

movements. Unfortunatelj', that same preliminary section when trains

are running in the same direction becomes an overlap. It was put there,

not for overlap purposes for following trains, but for protection of op-

posing trains. Unfortunately, the Committee has called it "overlap" in

single track. It ought not to be called overlap in single track, but "pre-

liminary section."

In answer to Mr. Rose's question, an overlap on a single track will

not reduce the capacit}' of the line to the same extent as it would on a

double track, but at the same time it does reduce the capacity to some

extent, because trains cannot be made to follow each other as closely

over the line; so there has. been devised in later years a system of single

track signaling in which this preliminarj- section fulfills its function as

far as opposing trains are -concerned, but does not act for following

trains. That system is pretty general at the present time.

The President :—There seems to be two lines of thought here. One
man down on his road talks about preliminary sections, and another man
talks about overlap. The man who uses preliminar}' sections wants them
called preliminarj- sections, and the man that calls them overlaps wants

them called overlaps. As there is that variation and some chance for a

misunderstanding under this practice, perhaps it would be well to refer

it back to the Committee and let them bring it in next j'ear, with a little

more full explanation than this of a preliminary' section. Some of us

would not know a preliminarj- section if we met it; they should ex-

plain it so that we would know that when one man talks about an overlap

he means what the other fellow calls a preliminar}- section. Anyone
who thinks that way might make a motion to that effect.

Mr. Safford:—I so move.

The President :—The Committee withdraws that, and we go back to

original motion. It is moved and seconded that Section 4 be taken as a
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progress report and referred back to the Committee with instructions to

go into the description of the difference, if any, between overlaps and pre-

liminary sections.

(Motion carried.)

Mr. Peabody :—Section 5, "Report on the various types of light sig-

nals for day and night indications."

On page 364 there is an illustration of the position of light signals.

Unfortunately, there is a slight error in "stop and proceed" (Rule 504)

indication. A light should be shown vertically below the second light

from the left in the upper indication. That would be directly opposite the

center light of indication No. 3. If you make that slight correction that

will take care of it.

The report on this subject is submitted in Appendix C, and we move

that this be accepted as information.

Mr. Lindsay:—The Committee on page 356 have given some defi-

nitions. Are they prepared to submit those for insertion m the Manual?

Mr. Peabody :—It is for this report only ; in other words, these defi-

nitions are used in this report.

(Motion carried.)

Mr. Peabody:
—"Report on automate train control." Before present-

ing this, I will ask Mr. Eck to make a statement.

Mr. W. J. Eck (Southern Railroad) :—On page 370, near the bottom

in the description of the "American Train Control System" on the Chesa-

peake & Ohio Railroad, the Committee has inadvertently done the Chesa-

peake & Ohio Railroad an injustice, in that we' say: "No especially novel

points of construction are indicated." That has come about from this

reason : The report was prepared several months ago, transmitted to the

Secretary for printing in a Bulletin, and naturally does not contain the

developments of the last two or three months. This system has been

developed on the Chesapeake & Ohio largely through the efforts of the

Signal Engineer of the Chesapeake & Ohio, and it does have points which

are different from other installations which have been made recently.

The Committee expects to present at the proper time a full and complete

description of the system, which is not available at the present time; in

fact, the installation is now being made, and is just about ready for

service.

Mr. Peabody :—Your Committee has made its report in Appendix D,

and I would move that this be accepted as information.

(Motion carried.)

Mr. Lindsay :—I think it would be in order for the Chairman of the

Automatic Train Control Committee to make a statement as to the or-

ganization of that Committee which has occurred since our last conven-

tion. The last Train Control Board was in existence several years ago,

and has been revived by the action of the United States Railroad Admin-
istration. That fact is not recorded in our Proceedings.

The President :—It seems to me that it is up to the Committee to find



Discussion. 815

out and report the fact that there is one in existence. It has just started

to do some work, and that is all that could be said of it. It has simply

been appointed and organized, and is starting in to work along the line of

proving, if possible, the practicability of automatic train control. Prob-

ably the Signal Committee will be ver\' busy on this subject by another

year.

Mr. Peabody :—On the other subjects, the Committee reports prog-

ress.

The President:—If there is no further discussion, the Committee will

be excused, with the thanks of the Association.



DISCUSSION ON CONSERVATION OF NATURAL
RESOURCES

(For Report, see pp. 101-117.)

Mr. R. C. Young (Lake Superior & Ishpeming) :—This Committee

this year were obhged to change their report several times before they were

ready to submit it, because of the changes in existing conditions due to

the war, the signing of the armistice, etc., but we have prepared a short

report on conservation of fuel, thmking that was one of the most impor-

tant things before us at this time. Prof. King is largely responsible for

this report, and I will ask him to say a few words to the convention

about it.

Prof. E. E. King (University of Illinois) :—A large portion of the re-

port this Committee presents is based upon and taken from the recom-

mendations of practice of the Fuel Conservation Section of the Division

of Operation of the United States Railroad Administration. The Fuel

Section spent a great deal of time and spared no pains in preparing such

bulletins as would lead to the conservation of coal in railroad work. The
Committee felt that it could do no better than to incorporate in its report

many of the recommendations of the Railroad Administration.

Mr. William McNab (Grand Trunk) :—I trust that the convention

will luiderstand that this report of the Committee on Conservation of

Natural Resources is mcrcl}' one prepared and furnished to the con-

vention as information. As Prof. King has just said, the information

was obtained from those who are specialty engaged in the work from

one end of the year to the other. Any data that is in it has been obtained

from ofificial sources, and it is merely presented as information.

The President :—You have heard the explanation in "regard to this

report.

Mr. Young;—1 move that the report be accepted, as a report of prog-

ress.

(Motion carried.)

Prof. S. N. Williams (Cornell College) :—Mr. Chairman, I rise to a

question of privilege. As has been stated, the report of the Committee on
Conservation of Natural Resources was limited to the consideration of

the subject of coal. One of the points which was assigned to the Com-
mittee for its consideration by the Board of Direction was measures for

conservation of human life and energy. The situation in this coimtrj^ at

the present time is such that I deem it necessary to call your attention to

the urgent necessity for our consideration of the conservation of life,

health and cnergj', .so I trust you will pardon me for making two or three

statements bearing on that for your consideration during the year.

Mr. Lloyd George has said, "The health of the people must be the

special concern of the State." A report from London says that "for the

first time since the establishment of a system of registration, the deaths

exceeded the births in England and Wales in the last quarter of 1918." A
816
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statement also made by the former Ambassador to Turkey predicts an

early labor shortage in this country of five million men.

I want to call attention also to the fact that the casualties in American

coal mines in 1918, as reported to Secretary Lane by the Bureau of Mines,

"include 2,575 men, in one peaceful industry during this war," says the

Secretary. The beloved Wellington, in the introduction to his book on

the economical theory of the location of railways, characterizes "the

avoidance of waste" as one of the first essentials to successful financial

construction and operation of railways.

Now, it seems to me that while we have been unable to present a

report for your consideration, yet it is a subject which is well worthy of

the attention not only of ever\' member of this organization, but also of

every citizen in our Nation. I am appalled when I see from day to day

in the newspapers reports of accidents causing the deaths of women and

children, which were caused in most instances by gross carelessness, and
I would characterize that as "the slaughter of the innocents," so far as

women and children are concerned.

I submit, gentleman, that one of the most important subjects for

every one of us to consider at the present time is the prevention of this

loss of human life, which is caused by carelessness.

We have some of the most difficult problems of all time and the solu-

tion is constantly causing alarm and concern to those who have our best

interests at heart, so I trust, gentlemen, that you will be considering this

item of our report which will be taken up again, and we shall probably

report on measures for the conservation of human life and human energy.

When I look at you, gentlemen, and think of the value of j'our lives,

your energy and powers of body and mind, I think also of the possibili-

ties of those children who are carried over to the other world, through no

fault of theirs, and are pitifully deprived of the magnificent opportunity

of human existence, so I beg you gentlemen to consider this question and

keep your eyes upon it, as being one of the most important questions

which face our country at the present time. I know that each one of you,

whether in the matter of your own children or your own relatives, have
sufficient consideration for the good of the Nation and the development

and progress of this Nation in the near future to do all in your power to

bring about a change in this sj'stem of waste caused by the carelessness of

some person or persons who are positively reckless and should be pun-

ished for it.

I submit to your intelligence, gentlemen, whether that is one of the

questions we should all face most seriously and I invite your most earnest

consideration of the subject. (Applause.)

The President:—If there is no further discussion, the Committee is

relieved, with the thanks of the Association.



DISCUSSION ON TRACK
(For Report, see pp. 63-84.)

Mr. W. P. Wiltsc-e (Norfolk & Western) :—The Committee has re-

ported progress on a number of subjects, and the principal one they are

making a report on is Subject Na. 2, "Report on Typical Plan of Turn-

outs, Crossovers," etc.

(Mr. Wiltsec then read the matter imder subjects 1 and 2 from the

report, as found in Appendices A and B, and said:)

Since this report was prepared, the Committee has continued its work,

and has prepared tentative plans for 22 and 30-ft. switches, 11 and 16

rigid frog.s, 8 and 11 spring frogs; 8 ft. 3 in., 11 ft., and 16-ft. 6-in.

guard rails, and also have considered plans for a No. 20 manganese frog.

They are not, however, in shape to pfesent at this meeting. It has been

ftecessary to make plans that could be used under all traffic conditions,

and we have endeavored to do this and make a sufiEicient number of plans

so that they could be used under any conditions in this country, at the

same time not getting too many, so thai we would have too many stand-

ards. We have endeavored to keep them down to a minimum.

This report is the report of practically the entire Track Committee

—

not of a few members—but practically all the Committee.

Mr. President, I move, on behalf of the Committee, the adoption of

these plans by the convention.

Mr. A. Montzheimer (Elgin, Joliet & Eastern) :—I notice this report

does not show the clamped frog. We have been using the clamped frog

for over twelve years, and it has been a very satisfactory frog. It repre-

sents an improvement in many ways over the old bolt frog. We have

gotten away entirely from the loose bolts and troubles that go with it,

and I think it would be a good thing if this report was sa made that we
would be given the privilege of using the clamped frog and still be in

line with this practice.

Mr. C. W. F. Felt (Santa Fe) :—I second that suggestion, and it oc-

curred to me that a good way to cover that would be to prepare an alter-

nate plan. The Santa Fe has used the clamped frogs for a good many
years, and thus far, at least, they have proven very satisfactory, and my
mformation is that that is true of the practice on other roads in the

Southwest. I cannot say as to the practice in the East, but I would sug-

gest that unless the Committee already has that in mind, that they be so

instructed.

Mr. Wiltsee:—The Committee had tentative plans drawn up on the

clamp frog. They took this matter up with two or three members of the

Committee, members on Western railroads, and from their experience

—

their recommendation, rather—we did not include clamped frogs.

Mr. A. H. MulUken (Pettibone, Mulliken Company) :—Mr. President

and Gentlemen: Standard plans have been prepared for clamped frogSr

and I think the suggestions that have been made here are all right. We
818
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have alternates on switches, we have alternates on spring rail frogs, and

it would seem fair to 60,000 miles of road that are using this clamped

frog that there should be this alternate, and with your permission I will

leave with the Secretary standard plans that have been prepared and that

are uniform with those in the Bulletin.

Mr. J. L. Campbell (El Paso & Southwestern) :—The El Paso &
Southwestern has been using clamped frogs for a good many years. I

believe that these plans providing recommended standards ought to in-

clude the clamped frog. I have no objection to the bolted frog, but the

clamped frog ought not to be excluded from the recommended practice of

this Association.

Mr. L. Yager (Northern Pacific) :—I would like to confirm what has

already been said on this subject by the previous speakers, and add that

the experience of the Northern Pacific, with reference to the use of the

clamp frog, is the same as that just outlined. We are using it as a stand-

ard on secondary track and would like to see that practice embodied as an

alternate proposition in the report of this Committee.

Mr. A. W. Newton (Chicago, Burlington & Quincy) :—We have

never used the clamped frog on our system at all. W^e have had no ex-

perience on which to base any decision.

Mr. R. S. Parsons (Erie) :— I do not think the question before this

meeting at the present time is whether a clamped frog is a good frog or

not. If I understand correctly, the question now before us is whether we
shall adopt the report of this Committee, and embdd}' its essentials in

these standard plans. I have in my office a shelf full of reports of Pro-

ceedings of these conventions. The shelf is now about six feet long. It

is full of Proceedings from Vol. 1 to Vol. 20 something, and the Manual
of Recommended Practice is about one-half inch thick. If I want to

know anything, I go to my Manual first, and if I do not find it there, and

I rarely do, I then go through the other 5 ft. 11 ^/^ in. of my shelf to find

the information. Consequently, I think it is essential that this organiza-

tion which has a life now of some twenty years begins to get more matter

into its Manual, matter to which we can refer. I do not understand that

the life of any Committee terminates with the personnel of that Com-
mittee, or with any report that the Committee may make. A Committee
can inake a report, and it may get its findings in the Manual. But the

Manual may be modified later. To my mind it is essential that we get

more matter in the Manual.

The Track Committee has spent a good deal of time on these plans,

and they have prepared a most excellent set of standards.

This is a pecuHarly excellent time to have standards adopted. The
tendency of the Railroad Administration has been to adopt standards, and

it is an excellent time to have standards adopted. These plans have been

carefully gone over and embody the ideas, of not only the railroad operat-

ing and maintenance of way men, but also of the manufacturers, and con-

sequently if we had these plans adopted and included in our Manual, the
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trackman would find something tangible on this particular question, which

is sometimes so troublesome.

I do not suppose that any other ciuestion on a railroad has received

any more attention, and I doubt whether any other problem has had more

plans drawn to cover it, than this question. I have been interested in

frogs and switches for a good many years, and my experience has been

that the points of difference are non-essentials.

If this Committee has provided for the essentials, it seems to me that

we should adopt them and try to get a standard line of frogs and

switches, so that every new maintenance of way man or Engineer will

not begin to introduce his own ideas in this fundamental question, and I

most earnestly recommend the adoption of this report and particularly

the placing of these standard plans, so far as they are compiled, in the

Manual. That does not mean that they are complete. The clamped frog

can be developed and introduced at the next meeting, if that is consid-

ered desirable, and if any features develop in these plans that are not

desirable they can be modified, but the best. way to have them modified is

certainly to get them in the Manual.

Mr. J. L. Pickles (Duluth, Winnipeg & Pacific) :—I want to. endorse

what the last speaker has said, and to that end I would like to see the

Committee adopt either the details of 1000 or 2000 as shown on the plan

101. There seems to be very little difference in the shape of the points,

and personally I prefer the detail of 2000. I see no good reason for hav-

ing so many details and standards. If we are going to get up standards,

let's have them. If we are going to have standards designed to every-

body's notion, we will have no standards at all, and we wall be in the

same position as we now are.

Mr. H. R. Safford (U. S. R. A.) :—There appears to be detailed two
different types of adjustment. My recollection is that there are several

types in use, and if the effect of this report is to limit the adjustment to

the two types shown, there might be a question involved as to whether

some restriction is not being made, and whether other types ought not to

be portrayed, particularly the third type to which I have reference, unless

they have been found to be faulty.

Mr. Wiltsce:—Plan 202 shows a number of special features. We
have allowed two types of adjustments, and in the opinion of the Com-
mittee that was sufficient. Those to which we give preference are shown
in Plan 201.

Mr. Safford:—Plan 202 is merely submitted as information?
Mr. Wiltsee :—As an alternate plan.

Mr. C. W. Baldridge (Santa Fe) :—In the matter of adopting the

bolted frog as recommended practice, and not showing any alternate

plan, or a permissible plan of the clamped frog, I remember a year or

two ago there was some criticism, in the convention of this Association,

of various railways for not conforming to the recommended practice

which is published in the Manual. It has already been shown in the dis-
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cussion here that a large mileage of the railways are using successfully

and satisfactorily a clamped frog, and so that these roads may not be

subject to the criticism of not conforming to the recommended practice,

unless there is some real good reason for recommending against the frog,

it would appear to me to be proper to instruct this Committee to select an

alternate plan permitting the use of the clamped frog. I do not believe

there is any argument which justifies a ruling against the clamped frog,

and I feci for that reason we should support the suggestion, asking the

Committee to present plans for that type of frog in next year's report.

Mr. J. E. Willoughby (Atlantic Coast Line) :—I ask the Committee
what governed them in determining the length recommended for the

frog and the switch point?

Mr. Wiltsee :—The length of the frog is partially governed by the

cutting of the rail. As I read this report, the different length of frogs

work out for a 33-ft. rail better, and there is no waste in material. The
length of switch points was adopted by the Association a number of

years ago.

Mr. Willoughby:—Is it the idea of the Committee that the cutting

of the rail is more important than any other feature of the design?

Mr. Wiltsee :—No, sir. We met all other features of the design,

such as length, spread at heel, and every other point we could think of,

and still saved in cutting the rail.

Mr. John V. Hanna (Kansas City Terminal) :— I was looking into

this question a few years ago in connection with the supplying of switch

material for a terminal, and I asked the manufacturer what was the

advantage to the company in using 16.5 ft. points instead of 15, and he

said there was none. We paid for the material wc actually received, and
there was no economy for them in cutting the 33-ft. rail in two.

If the Committee can get it, I would like to have a little more in-

formation along the line of just how the purchaser gets the benefit of

that economy in cutting up the rail. I understood at that time—it may
be different now—that the manufacturer could make some use of the

pieces cut; it may be that they only got scrap value for them, but I

know at that time they did not offer any concession in the way of price

that to my mind made it worth while to take an extra length.

Mr. Mulliken :—I will reply to Mr. Hanna. In cutting rails and
making frogs and switches the material is handled more rapidly than

you gentlemen have any idea of. It is nearly all handled by machinery
now, and it is a great economy and convenience in cutting a 33-ft. rail

to cut it right through the center. I do not think it is fair, in making
15- ft. switches, to charge the roads for 16.5 ft. of rail, because if it is

necessary to make a 15-ft. switch, we could get 30-ft. rails from the

mills.

Mr. Wiltsee:—The Association adopted 11 ft. switch and a 16 ft. 6 in.

switch a number of years ago. It seems to me the advantage is purely
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with the railroad company. If you get a switch 16 ft. 6 in. long you

have a better switch, with a better angle.

Mr. Hanna :—I will admit there is an advantage, but how much

advantage is there in the angle? On this question of the waste it may

be that the manufacturers now figure a little differently, but they told

us then that wc did not really make anything by taking the longer point.

The President:—Naturally the length of the frog or the guard rail

or a switch point depends on the m.erchantable rail that it is made of.

In the old days of the 30-ft. rail wt used on the Santa Fe System a

7.5 guard rail. When we used a 33-ft. rail we divided the rail into

four pieces, just the same. In our switches we used 10 and l5-ft. points

when using 30-ft. rail, changing to 11 and 16j^-ft. points when 33-ft.

rail was adopted. My idea is that frogs, switches and guard rail should

be so designed as to use up the standard length of rail, without waste in

cutting.

The fact is, the amount of rail the switch and frog manufacturers

require have to be allowed from the output of the mills for frogs, switches

and guard rails. We have been for the past six months handling the rail

proposition for the country and making up the rolling mill schedules,

and the reports from the mills show that they roll from 350 to 750 tons

a week for frog and switch manufacturers, therefore any waste that

can be avoided, by economical design, means a good deal in rail saved.

Mr. MuUiken :—I would like to confirm what you have said, Mr.

President, because I think as long as the manufacturers have been

asked to participate in this meeting it is only fair that they should par-

ticipate. There are twelve concerns making frogs and switches in the

United States, concerns of some moment, and when they are running

full time they will use over 400,000 tons of rail in twelve months for

this purpose.

Mr. Campbell:—I have no objection to these plans for what they

contain. My objection is on what they do not contain. Before the sub-

ject of frogs is finally disposed of I believe the plans should include a

clamped frog and some additional adjustments of the connecting rod.

If the Committee will consent to an addition to the motion directing it

to recommend a plan for a clamped frog and make additional study of

the connecting rod for next year's work, my objection to the matter as it

now stands will be removed. I would like to see these plans adopted at

this time with the understanding that the subject is not closed and that

additional recommendations above indicated will be submitted by the

Committee next year.

Mr. Wiltsee :—The subject is not closed by any means. It is only

starting. If it is the desire of the convention that we include a clamped

frog, the Committee is only too willing to do that.

The President :— I think Mr. Campbell and Mr. Parsons have ideas

along the same line. We have a good start and there is no reason why
anything cannot be developed, if it is found to be desirable, and I do
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not think it is any reflection on anyone if they do not happen to be

using all of the frogs and switches that were turned out in this first

get-together meeting. I am proud of this get-together proposition with

the manufacturers and the Association.

I think there is a great big future for it. I do not want to see a

thing come up here that we cannot get together on, and I think that we

can get that matter up and settled probably by the next convention. I

would suggest that Mr. Campbell make a motion as outlined in what

he has just stated.

Mr. Campbell :—I move that the motion before the house be amended

to include a direction to this Committee to bring to the next annual

convention a recommended plan for a clamped frog and additional report

on adjustments of the connecting rpd.

Mr. Hanna :—Would this amendment prevent the Committee from

going further into the question of the merits of the two types of frogs?

and if they thought that the merit was decidedly in favor of either one

or the other, recommending that one and not two? I speak of that,

because I believe it is not a good idea to shut out consideration of the

merits of the design. If two designs are of equal merit, the Committee

can recommend two.

The President :—I do not think that we should start in w ith too

much detail in regard to whether this, or that or the other is good. We
are not closing the gate by adopting a standard. It has got to be re-

viewed from time to time, as our practice shows improvement over what

we had before. A man that starts out to get a standard with the idea

that he has closed the gate, and that he has to do nothing more on that

standard for ten years, is about ten years behind the times. We have

two of nearly everj-thing else on this list. If we get this other on here

it will be discussed back and forth. We can have that discussion and the

Committee can discuss it, and get opinions as we have done on so many
things, from various roads, and see how they are lined up.

Mr. Mulliken :—May I make a suggestion before the question is put?

I judge from w-hat I have heard here that there is not any question in

regard to a certain number of railroads using this particular design of

clamped frog. The only question is the one before the house, whether

this should not be used as an alternate. You have two alternates on

spring rail frogs. Why? To meet the practice east of Chicago and

the practice west of Chicago. You have two plans of swatch points.

Design 1001 is used on every road west of Chicago, and 2000 is used on

most of the Eastern lines. Why do you have two? To meet those

conditions. You have got four alternates on switches. It seems to me
that the question should be narrowed down simply to the question of

alternates. It is not a question of quality, it is not a question of design.

It is simply a question of accommodating the traffic in two districts of

the country. Therefore it seems to me when these plans are prepared

to conform to standard in shape, in size, and in design, the question
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before the house is, why should not this be adopted as an alternative?

In other words, why should roads aggregating 60,000 miles of track that

are using those frogs be put on the plane of not conforming to the

standard of your Association? It seems to me we do not have to refer

that to a Committee, but that you are capable of deciding that here.

The President :—Our standards are young yet, you know. These

things are all young. We are not getting out a finished product, and

I do not like to see anything injected that looks as though we had

finished the job.

Mr. Campbell :—My motion is merely an addition to the original

motion. It does not affect the original motion as far as it goes, and if

this amendment, if the motion as amended is adopted, it would merely

carry with it instructions to this Committee to report to the convention

next year a plan of a clamped frog, with additional study of adjustments

of the connecting rod.

The President :—That is my understanding.

Mr. Geo. A. Mountain (Canadian Railway Commission) :—It seems

to me that Mr. Campbell's motion is to instruct the Committee. Now,
this Committee in getting out these plans probably took into consideration

all kinds of frogs. I quite agree with them. I would not use a clamped

frog if it was given to me for a present ; but it seems to me that that

recommendation is not proper. It should be referred back to them to

consider the question whether the}^ would recommend it, and not instruct

them. It seems to me if they are instructed, they have got to bring in

a report on some kind of a clamped frog.

Mr. Wiltsee :—I Avill say that the Committee will be very glad to

reconsider this matter of the clamped frog, and also further adjustments

of the connecting rod, and if they decide that it is necessary and feel

that it is advisable to present plans, they will be very glad to do it.

Mr. Campbell :—This motion, if adopted as amended, will also be an

instruction to the Committee on Outline of Work. This Association

cannot suffer any damage by having an opportunity to consider a recom-

mended plan for a clamped frog.

(Mr. Campbell's motion carried.)

The President :—Now that did not carry with it the original motion.

Mr. Wiltsee :—I move that the convention adopt the plans for switch

points, frogs and so forth, covered by Nos. 101-2-3 and 4, 201-2-3 and 10,

301-2-3-4 and 5, and 401.

(Motion carried.)

Mr. Wiltsee :—I move that Appendix C be received as information.

(Motion carried.)

Mr. Wiltsee:—I move that the subject matter under Appendix D
be accepted as information and referred to the Master Car Builders'

^.ssociation (now the Mechanical Section of the American Railroad As-

sociation).
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Mr. C. E. Lindsay (U. S. R. A.) :— I want to emphasize the fact

that the weight on the wheel cuts a verj- great figure. A 1-in. flat spot

on a locomotive or on a locomotive tender does more damage than we
have any appreciation of, and I think that fact should be emphasized in

presenting the subject to the Mechanical Section of the American Rail-

way Association. Attention should be called to the fact so that they

might dififerentiate, if they consider it necessarj-, in determining the limit

of the flat spot under different loadings.

Mr. Wiltsee :—The Committee will add to the report to make it

agree with the instructions of the Mechanical Section of the American
Railroad Association on flat spots. They have made a report limiting

the flat spot on freight car wheels to 1^ in. as instructed.

(Motion carried.)

The President :—That is all. We thank the Committee, and they

are discharged.



DISCUSSION ON RECORDS AND ACCOUNTS
(For Report, see pp. 407-409.)

Mr. W. A. Christian (Interstate Commerce Commission) :—Mr. Pres-

ident, I will not consume time in reading the work assigned to this Com-
mittee, because I desire only to submit this report as one of progress.

Your Committee has been busily engaged on the subjects assigned to it,

but the report presented does not show the amount of work it has per-

formed. 1 move that this be accepted as a progress report.

The President :—Of course, this is something for the Board to put

up to the Committee, but I think there is a lot of work that ought to be

done by this Committee. I recognize that this Committee got out a lot of

standard forms and thought their work was done, and they have been

taking it easy for the last three or four years. I want to say that in the

last three months I have found a big road of 10,000 miles that said they

did not have a record of their ballast, rails or ties. They are not alone.

They are rather alone among the big roads, but there are lots of roads

in this country whose records are poor. We have been trying to get some

information, and thej- throw up their hands, and say, "We cannot do it,

we do not have any records of that kind," and I think that this Commit-

tee should look into the question of how we can get comparative expenses

on the dififerent roads. One road is calling for 550 or 750 ties per mile for

1919, another road calls for 250 to 350. There are any number of these

things that I think this Committee should look up and study, so that we
may get reports that are uniform and will give a comparison of similar

work done by the different roads of the country so that we may know and

study results obtained on different roads. Take the cost of maintenance

per mile. There are some railroads, if they renew a 14-ft. pile bridge in

kind, charge all but the ledger account to additions and betterments.

There are other roads which, even in the case of a 1,000-ft. pile bridge,

if no change is made in the type of the structure, charge it all to opera-

tion. We get these figures and compare them, and we say, "Here is a

road being maintained for $1,300 per mile, while some other road is

shown as costing $1,600 per mile, and we think this difference represents

something, when owing to different accounting methods, the comparison

is actually of no value. This Committee should recommend forms for

getting information compiled in a uniform manner.

The motion is that the report of this Committee shall be received as

a progress report.

Mr. J. L. Campbell (El Paso & Southwestern) :—Before the motion

is put, it is well to suggest that new questions have arisen in this matter

of accounting by the relations now existing between the railways and the

Government. The Government has agreed to return the railways to the

owners in physical condition as good as when received. That involves the

question of what had been done with the property during the test period

and what is now being done with it during the period of control. It de-

826



Discussion. 827

velops that the relative conditions of the properties in the two periods

cannot be very well measured in terms of dollars and cents because of the

great changes in unit prices of labor and material.

This suggests that a better measure of comparative physical condi-

tions is found in units of labor and units of material put into the prop-

erties during the two periods. It may be well for this Committee to con-

sider some form of reporting units of labor and tmits of material.

Aside from the present situation units of labor and units of material

going into the property will always be fundamental measures of the main-

tenance of the property. If such a record is comprehensively kept it will

be a real addition to our accounting. Doubtless careful consideration is

required to develop a form of recording such information, comprehensive

and detailed, from which may readily be determined from month to month
and year to 3'ear what is going into the property.

Mr. R. C. Sattley (Chicago, Rock Island & Pacific) :—A number of

railroads are endeavoring to be relieved of the requirement to furnish the

Interstate Commerce Commission with copies of their profiles. Under
Order No. 1 of the Commission, roads are required to furnish these

profiles. In regard to records and accounts of betterments and additions,

railroads ought to keep proper records, so that when information is de-

sired as to costs it can be ascertained readily.

Mr. W. H. Courtenay (Louisville & Nashville) :^As to keeping a rec-

ord of ballast, I took occasion some twenty years ago to ascertain how
much ballast there was on a line of railroad completed in 1868. The
Louisville & Nashville had kept very good accounts that were instituted

originally by the late Albert Fink, showing the quantities of materials used
and the various expenditures. By merely ascertaining the amount of bal-

last purchased for this operating division, I ascertained it was sufficient to

provide for 4-ft. depth of ballast under the ties for the whole length of

the division. I had known that division since 1879, and to my certain

knowledge there had never been at any time sufficient ballast put under
the ties.

On one occasion we had great trouble with churning track—we have
always had,trouble with that—and to overcome it we ribbed the fills. One
night, after we had made an excavation from the shoulder and down the

slope, and timbered it, preparatory to filling the trench with rock, a farmer

found the fill had given way, and flagged a train. . When we examined it

we found there was 10 ft. depth of practically clean ballast at that par-

ticular place.

We have made statements from year to year showing the amount of

ballast on diflferent divisions of the railroad. None of them are accurate.

It is impossible to tell how much eflfective ballast is in place at any one
time on railroads such as ours. We can tell how much we pay for each

year, but how much effective ballast we now have cannot be told. Ballast

is lost—it becomes dissipated—and to properly maintain a division it

must have ballast every year, and every time the track is resurfaced a
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certain amount of ballast is required. After it is placed in the track it is

driven down. When the ballast is driven down into the roadbed, the

eflfective ballast is only that which lies above the shoulders of the em-

bankment.

We will probably be called upon to show how much ballast we have

on each mile of road. I will defy anyone to do that on 5,000 miles of

railroad with any success. Effective ballast will vary from 6 in. to 3 ft.

in depth, particularly on new roads. If a heavy traffic is immediately

thrown over a new line, it is necessary to use large quantities of ballast.

If a new embankment is built, 40 ft. high, it is impracticable to provide

for the settlement which may occur and maintain the rate of grade, and

the sensible way to do is to build lines with very deep fills, subject to

heav}'' traffic immediately upon completion to the established grades, and

as they settle bring them up with ballast. It is not unusual for an em-

bankment 50 ft. in depth, built according to modern methods, to settle

four or five feet. Where there is four or five feet of ballast, and the

Roadmaster afterwards builds up the shoulders, a place is provided for

water to accumulate, the effect of which is to create slides.

It is impossible for railroads to give the complete details about bal-

last. It cannot be done.

I hope this matter of getting detail statistics, particularly with a view

to determining whether the United States Railroad Administration main-

tains the track as well as the corporation did in the three test years end-

ing June 30, 1917, can be reached in some practicable way. There can

be a great deal said on that subject.

The President:—I have been through about the same thing. As you

were telling about the 4-ft. ballast, I was wondering how many inches of

leather we would have on our shoes if we added all that we had worn
out in our lifetime. This ballast is worn out, and according to my notion,

we have to decide on a certain depth of standard ballast—the Pennsyl-

vania Lines have decided on 24 inches. This, you may say, is an arbitrary

proposition, and no one has any right to do that, but there are many
arbitrary things which are necessary, and if you are going to get compari-

sons you must have some arbitrary rules, instead of having 50 or 100 dif-

ferent standards of comparison.

I came in contact with an interesting case of ballast just after the

Federal control. There was a road that had about six inches of ballast,

in certain places, and the standard was 15. They wanted to put in five

inches more. It had been customary to charge that to Additions and Bet-

terments, but the Vice-President said, "No, that is put in there to take

the place of five inches of ballast that is worn out," and that was true.

That is the difference in practice ; one road will replace ballast worn out

and charge it to maintenance, another will put in ballast up to the stand-

ard depth and charge it to Additions and Betterments.

My thought is that you must get figures in some certain way in order

to make comparisons.
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In regard to Mr. Sattlej-'s remarks about the profiles, I have received

profiles for 230,000 miles of road, and I found it would take about 230,000

days to go over them and dig out the information.

Mr. W. M. Camp (Railway Review) :—I think some interesting re-

marks on ballast have come out in connection with this report. We know
that for a good many years past men have been figuring on the life of

rail—what wear is allowable, what tonnage the rail will carry^, and what

is the life of the rail on curves, etc. Particularly since the valuation of

railroads has been taken up, we have come to learn that there is such a

thing as life of ballast. As ballast is renewed that which was formerly

on the surface, or directh- under the ties, becomes buried; and, as Mr.

Courtenay says, when the ballast has settled down below the shoulders of

the embankment, it then becomes roadbed.

One will find that there is no small loss of ballast from being blown off

the track by the natural winds and by the currents of air set up by the mo-
tion of the trains. Then there is also the washing down of ballast by rains,

especially where the shouldcr.s are not well kept up. One may find a

good deal of ballast down at the bottom of the slopes of the embankments,

and much of it is slushed out into the ditches, and taken up with the

ditching machines, and all that sort of thing.

I think it would be a proper work of this Committee to establish some
measure or determination of the life of ballast. I am not sure that the

life of ballast, by and large, would much exceed the life of the rail. In

your address, Mr. President, you said that the figures of the notebooks

did not always tell the storj-, and it may not be possible to work out an

academic formula that would express this thing; but I think some idea

could be conveyed as to the percentage of ballast in the track which dis-

appears ; and it disappears as the track becomes filled up with dirt, or is

blown away or pounded down into the embankment. Moreover, the bal-

last that was put in 10 or 15 years before may have become of very little

utility, as ballast, and there might be some way of determining approxi-

mately what percentage of the ballast which was put in when the road

was built and which has been renewed from lime to time is reallj- effec-

tive as ballast at some later period.

Mr. Sattley :—Most of the railroads here represented have probably

been valued. The Interstate Commerce Commission therefore knows
pretty well how much ballast you have. They inspect every thousand feet

of track alternately—first on one side and then on the other, and ascer-

tain the kind of ballast and its depth. There are places where you have

deep ballast, but it is in fills which have settled down. On our railroad

we are perfectly satisfied with what the Government has allowed us for

ballast and ballast material.

Originally they allowed us a foot of ballast under the ties, below the

bottom of the ties. Later, on some districts it was made 24 inches under
the tie. If it is a matter of 12 in. of ballast under the ties, they will

allow that, but if you claim 24 in. under the ties, j'-ou have got to show
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where that ballast came from, and the matter of knowing where the

ballast comes from, and having a proper record covering that item, would

mean thousands of dollars to many of the railroads in the country.

Mr. R. H. Ford (Chicago, Rock Island & Pacific) :—A great deal of

good could be accomplished by this Committee if arrangements were

made such that it could give some attention to a comprehensive study of

the several divisions of railroad reports from the standpoint of simplifica-

tion, standardization and unification of the endless reports which have

been gradually accumulating for years on railroads. They could do

more real, constructive good rather than to add to these by specifying

some particular form of accounting or what some particular item of

accounting should mean.

(Motion to receive the report as information carried.)

The President :—The Committee is excused with the thanks of the

Association.



DISCUSSION ON RULES AND ORGANIZATION
(For Report, see pp. 749-751.)

Mr. W. H. Riipp (Oakland Terminal) :—Mr. President and Gentle-

men : I am from the Coast and was not able to attend the meetings

of the Committee, being so far away. Chairman Finley was called to

New York yesterday' by wire.

The subjects assigned to the Committee will be lovmd on page 749 of

Bulletin No. 215.

The Committee decided to make no recommendation in regard to the

first item, on account of the large number of rules and regulations being

put into effect on account of Federal control. They are being changed

every day, almost; in fact, by wire. On Subject 2 we have made a

little progress. The item has been veiy briefly studied this year, be-

cause of the fact we are not constructing many new lines, and they are

limited.

As to Subject 3, we report progress.

In connection with Subject 3, we present a monograph by Mr. John

D. Rockefeller, Jr., on the "Science of Organization," which we believe

will be interesting to our members.

We have done a large amount of work on Subject 4, but it is not

in shape to present as a report. We think it should be gone over more

thoroughly, and these various items should be reassigned to the Com-
mittee.

On Subject 5, with regard to the matter of fire protection, you prob-

ably know the Government has taken over the insurance of the property,

and put the fire risk and the operation of maintenance of all buildings

for the prevention of fire on a different plane from what they were under

the old management, and the large force of inspectors put out by the

Government has made the rules for this particular department. This

matter is in a state of transition, as the rules are changing from time to

time, and we think that this subject should also be reassigned. There

was an important meeting in Chicago yesterday of the Chief Fire In-

spectors of the Western Central District, and I do not know what rules

the railroads will have when these inspectors go back to work, but it is

a big item, since the Government is carrying its own insurance.

Subject 6, "Prepare Rules for the inspection of bridges and culverts,"

is a very broad subject, because every road has its own organization in

regard to the inspection of bridges and buildings, and it can be handled

in so many different ways by so many different railroads, and it is hard

to define a set of rules that would cover the entire subject and we
recommend that you reassign these subjects for another year and we will

report progress on the subject.

I move that this report be accepted as a progress report and the

subjects reassigned to the Committee.

(Motion carried.)

The President :—The Committee is excused with our thanks.
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DISCUSSION ON ECONOMICS OF RAILWAY LABOR
(For Report, see pp. 756-802.)

Mr. E. R. Lewis (Duluth, South Shore & Atlantic) :—Your Commit-

tee was instructed first to report on "Plans and methods for organizing

to obtain labor for railways." Last year there were reported, page 1124

of the Proceedings, in a discussion, three resolutions which are prac-

tically accepted to-day as the sense of the Committee upon this subject.

The Committee reports progress on this subject.

(Mr. Lewis then presented the matter "On methods of equating track

sections," Subject 2, on page 757.)

(Vice-President Stimson in the Chair.)

Mr. W. H. Courtenay (Louisville & Nashville) :—It seems to me an

improvement on the method suggested by the Committee is to assign a

given number of men to the Operating Division, and let the Roadmaster

exercise his discretion as to where they should be working. There may
be one section where less men are required than another, and their dis-

tribution should be left to his discretion, instead of telling him arbi-

trarily to put 1 or 1^/2 or 2 men on each mile. Give him the number of

men for the whole division, and let him distribute the men as he pleases.

This would be a practical and intelligent solution of that problem.

Mr. Lewis :—The practice of giving the Roadmaster a little latitude

in that matter, I think, has obtained for a good many years on a large

number of roads. Probably most of them have put it up to the judgment

of the Roadmaster. Now, his judgment may be particularly good, or it

may not be quite so good, and it has been found that in a great many
instances proper results are not obtained. When the Committee on Track

first started this subject, the idea was to reduce the subject to a science,

which I thing it should and can be.

Mr. E. T. Howson (Railway Age) :—I will say further in reference

to the point raised by Mr. Courtenay, that the Committee had this in

mind. The Sub-Committee working on this subject endeavored to assist

the Roadmaster by studying the effect of the various physical conditions

of his track, the number of turnouts, etc., giving him the benefit of that

data, so that he could distribute the force allotted to him between the

different sections to more nearly equate the number of men to the work
to be performed.

Mr. Courtenay :—In answer to that, Mr. Howson, I beg to state that

we have prepared data very similar to that given in the i^eport, that is,

the equivalent work on main track, sidetrack, switches, tunnels, crossings,

and various items of work of that kind that they have, but they are not

arbitrarih' bound by it. We give them a measure of discretion.

Mr. Lewis :—-The Committee would be glad to have those rules that

you have mentioned.

Mr. Courtenay :—We will be glad to send them to you.

Vice-President Stimson:—While this equation the Committee has
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given is a guide, it cannot always be followed in the distribution of the

force that is furnished. The actual condition of the track to be main-

tained is really quite a vital determining feature, that is, in connection

with this equation, so in addition to this factor of equivalent mileage

there is certainly what might be called condition per cent, that ought to

come in in determining the proper distribution of the force.

Mr. C. C. Cook, of the Baltimore & Ohio Railroad, took quite a

prominent part in working up the system that we had in effect for some
years on that road, and developed this particular feature. I am sure we
would be glad to hear from him with respect to it.

Mr. C. C. Cook (Baltimore & Ohio) :—The point brought out by Mr.
Stimson is essential. There should be a condition per cent. If your
condition on every section was the same to begin with, your equated

mileage would be a proper basis, but that, of course, they do not have,

so in figuring up the amount of force that each section should have it is

necessary to take into account the condition of each section. On the

Philadelphia Division we attempted this scheme and we found that in

rating various sections we would, I recall, give as high as 90 per cent, as

the condition on one section, and on some of the sections as low as 50

per cent., so you can see there would be quite a difference in the force

allotted to those various sections. But the theory of it is essential, and
I think, as the Chairman suggests, that it can be scientifically worked
out, and it only means a very close and detailed study of the actual track

and structure conditions. I do not think we can say that we could estab-

lish it to the fraction of a per cent, but in working out the detail for

certain conditions per cent., and taking the sum of the whole, we arrive

at a better conclusion than by simply arbitrarily fixing a force for the

Roadmaster, or for each section gang. I think it is a subject that de-

serves more attention and more detailed study.

Mr. W. M. Camp (Railway Review) :—I do not think that the Road-
masters, or any other officials who come more nearly in contact with the

track than perhaps a majority of this audience, will find any fault with
this Association for working out a report on equating track sections. This
has been a ver>' practical question with the Roadmasters for a good many
years, and if one looks through the Proceedings of the Roadmasters'
Association for thirty years back, he will find that they were working at

this question then. For instance, they were discussing the question of

how many switches were equivalent to a mile of track, on a maintenance
basis; or how many road crossings, or what amount of fence repairs

amounted to the same thing.

In fact, this question has frequently been put up to the Roadmaster
from underneath, in distributing his men over the sections. A foreman
might come to him and say : "Look here ; I have got no more men than

the foreman whose section adjoins mine, and I have many more switches

in charge than he has; and much more of this kind of work or another
kind of work." So this is, I think, a very practical study for this Asso-
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ciation to make. I feel certain that the Roadmasters would be gratified to

know that such studies were being made by the Engineering Department.

I do not think it is intended that these methods of equating should be

considered an exact guide in distributing men. There are many rules and

principles to be formulated in reference to maintenance of way work that

are useful if they can only serve as rough guides.

Mr. Lewis :—I want to say what, has been said, I think, in this Com-
mittee before, that it is not intended—it is not possible probably—to give

you percentages that would be applicable to more than one road. This

is a problem that every man must work out for himself, taking into con-

sideration the peculiar factors on his own road. Furthermore, percent-

ages will vary from year to year to some extent. This has been a very

mild winter, and you have had less expense for removal of snow and ice

than usual. Percentages will vary on the different divisions of one rail-

road. There are many indeterminate factors, and it does take consider-

able work, because you have to take twelve months' results before you

can get complete and proper data for calculation. The Committee has

given percentages here that may be exact on some roads, while for other

roads they might not apply at all, probably would not. It is a question

that each Engineer must work out for his own road.

Mr. C. W. Baldridge (Santa Fe) :—It has been my own experience

in handling track that this equating of track values is something which

every Roadmaster must do, and he ought to find some rule other than

his own judgment to guide him. An outline of this kind would unques-

tionably be a great advantage, especially to a man while he is new at the

game. I think it is an excellent plan.

Mr. Lewis :—The Committee feels that it has done its duty in bring-

ing this matter before the Association. The Committee recommends

that this report on the method of equating track sections be accepted as

information and printed in the Proceedings.

(Motion carried.)

(Mr. Lewis then presented the matter "Typical plans for housing

labor," Subject 3, on page 763.)

Vice-President Stimson:—This part of the report is offered for

criticism. I think most of us have our own ideas with reference to this

subject, and we will be glad to have some expression.

Mr. J. L. Campbell (El Paso & Southwestern) :—This phase of the

subject suggests an element of the problem lying somewhat outside of or

beyond the obvious field of physical activity and the solution of the

physical problems involved in maintenance and operation of railways. In-

deed the solution of the merely physical problems and the work of apply-

ing the solution to the upkeep of the property are the simple elements of

the larger problem.

Quite apart from the field of physical problems, solutions and activi-

ties there is another field that will, I am sure, if comprehended and occu-

pied reasonably well by this Association and its members, add greatly to
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the value of the Association and its members in their service of main-

taining and operating railways.

This Association and its members are doing very well indeed in the

solution of the physical problems of their task, but the laborer directed by

them in so doing is much more than a mere physical machine. Physical

results are, of course, primarily required of us. But when we take up

the question of the hou§ing of these employes we come at once face to

face with the human element. Whether or not we recognize it and

whether or not we are prepared to admit that which is before us, we

then have to deal with that wonderful element, the human heart, with all

of its longings and its aspirations, noble or ignoble. So, I anticipate, we

are coming to a point where that element of the problem will enter much

more extensively into our consideration. In the question of the economics

of railway labor, the human heart is inevitably involved.

These trackmen who are out on the track workmg there in the cold

of winter and the heat of summer and whom we salute as we ride by

are men like ourselves. They have longings, aspirations and ambitions

from which have arisen the problems of capital and labor. In as far as

we comprehend the human element ; in as far as we handle and cultivate

it aright; in as far as we properly and legitimately satisfy the human
heart, we are solving to the advantage of all the most vital element of the

problem and building an esprit de corps, thereby bringing to any organi-

zation a wonderful strength and help in working out the merely physical

problems and getting physical results. In as far as we as employers and

employes, as directors of work and as those who obey directions get to-

gether as human beings on common ground of understanding, the better

will be our solution of the really great problem before us.

The most vital problem before the Association, its members and the

transportation business is not a physical problem. It is rather the right

adjustment, as nearly as may be, of the human factor, bringing all together

on a common foundation of sympathetic understanding and recognition of

and observance of the welfare of each individual resulting in harmonious

co-operation to ends mutually beneficial.

We are, of course, not going to attain all that in a day. I do not

know that attainment will ever be complete. That phase of the future is

somewhat obscure to me and, I presume, it is to 30U. But regardless of

what we now think of it, of our preparation or lack of preparation to

meet it, there it is—the great problem of the future.

But we can make a little beginning here in the matter of the housing

of these employes, in the treatment we give to them, in the human touch

we bring to them. To the extent that we do that aright, we are contribut-

ing something to the solution of the problem. The war has developed

this problem to an acute stage and we must, regardless of the conditions

of the past, recognize that we do not stand to-day where we stood yester-

day. It is becoming more and more acute every day and I believe it will

be wise and profitable to this Association, its members, the transportation
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business and our country to think seriously about these things, as I have

no doubt you are thinking, because in the common thought of our civiliza-

tion there will be found finally, perhaps, the right solution. (Applause).

Vice-President Stimson :—I thing the manifestation of this human in-

terest is shown in the designs that have been presented for providing the

men with decent places to live in, and the Committee has certainly pro-

vided some very satisfactory and adequate means to serve this end.

Mr. R. H. Ford (Chicago, Rock Island & Pacific) :—During the past

year the railroads have gone from the 10 to the 8-hour day for track

and other labor. Entirely new problems of working conditions have now
become of paramount importance and these have been further compli-

cated because of the wage increases. The result has been to introduce

entirely new factors in maintenance of way labor on railroads. The
ratio of efficiency for track labor has been for years much lower than in

almost every other line of industry, and one of the principal contrib-

uting factors has been the wretched housing and feeding conditions which

railroads have in the past permitted to continue. As a matter of simple

business more attention will have to be paid to this and other associated

problems. The average railroad man has little conception of the com-
parison in the care of labor between industrial concerns and the railroads

generally. The efficiency of extra gang labor is as low as 31 per cent.,

which means that the expenditure is about three times what it ought to

be for the work obtained. These comparisons, when checked with the

efficiency of labor performed for contractors and industrial concerns, is

one of the reasons why it costs so much in total to obtain so little in

result. In order to obtain a greater degree of economy in expenditure

improved methods and modern principles will have to be better under-

stood by railroad men generally and railroad labor better cared for,

better housed, better fed and some plan be worked out whereby there

will be more uniformity of employment if better results are to be

obtained.

Mr. Lewis :—The Committee recommends that this report on typical

plans for housing labor be received as a progress report.

Vice-President Stimson :—^If there is no objection, it will be so re-

ceived.

Mr. Lewis :—We present Appendices C and D as progress reports,

and desire their reassignment for further consideration.

Vice-President Stimson:—If there is no objection, that will be the

course taken. If there is no further discussion, the Committee will be

excused with the thanks of the Association.



DISCUSSION ON WOOD PRESERVATION
(For Report, see pp. 119-158.)

(Vice-President Stimson in the Chair.)

Mr. C. M. Taylor (Philadelphia & Reading and Central Railroad of

New Jersey) :—The report of the Committee on Wood Preservation is

rather long, and it is not expected that you will want it read. It was

published in time for everyone to get a copy of it, and as we go over the

report, if there is any point that any member wishes discussed more

thoroughly than it is given in the report, we will be glad to have it

discussed.

The particular work before the Committee this year was the revision

of the creosote oil standards up to the present time, and we have given

you in the revised specifications as shown in Appendix A, under the "Re-

vision of Manual," the new specifications for creosote oil as we feel should

now be in force. They are the result of co-operation with the American

Wood Preservers' Association and the American Society for Testing Ma-

terials. So far as the basic changes in the old specifications as now ap-

pearing in the Manual, they are not very great, but you will note in each

grade of oil we have added the underscored portions as shown on pages

122, 123 and 124. Those are the additions that we have made to the pres-

ent specifications, particularly Section 5, in each specification for creo-

sote oil, covering a new refinement for determining the purity of oil, w'nicn

says that: "The specific gravity of the fraction between 235 degrees Cent-

igrade and 315 degrees Centigrade shall not be less than" a certain grav-

ity. That is a clause that has been added in order to tie down the high

boiling point fractions. Further, there has been added the process given

under Section 6, of each specification. This is another guarding point to

take care of high boiling point fractions. Likewise, Section 7 of each

specification. These specifications are proposed for adoption and publica-

tion in the Manual, and, Mr. Chairman, I therefore move you that the

revised specifications for grades 1, 2 and 3 of creosote oil, as underscored

on pages 122, 123 and 124, be adopted for publication in the Manual.

Mr. J. L. Campbell (El Paso & Southwestern) :—Has the Committee

conferred with manufacturers of creosote and ascertained that there will

not be material difificulty or objection to compliance with the specifica-

tion? I have no doubt the specifications are what they ought to be and

that the Association should occupy the position that specifications right

and reasonable should be complied with, but, I dare say, the general ex-

perience of the members of the Association not infrequently comes into

contact with strenuous objection of manufacturers to furnishing mate-

rial according to specification on the ground that the specification should

not be fully complied with for various reasons set up by them.

Mr. Taylor:—We hope the war is over, and we submit this as a

peace-time specification, and the manufacturers assure us there is no rea-

son why these specifications given here cannot be followed. There is no

837



838 Wood Preservation.

reason why you cannot buy oil according to these specifications at rea-

sonable prices.

Vice-President Stimson :—I ask the Committee if these specifications

as revised are the same as adopted by the American Wood Preservers'

Association?

Mr. Taylor :—They are the same as proposed for adoption by the

American Wood Preservers' Association, so the two associations are pro-

posing to have exactly the same specifications, so that we will have one

specification under which people may work, and they will both be the

same if they are adopted by both associations.

Vice-President Stimson :—The American Wood Preservers' Associa-

tion, I believe, had a meeting in January. Were these specifications sub-

mitted and acted upon at that time?

Mr. Taylor :—The ballots of the American Wood Preservers' Asso-

ciation vote on this subject have not all been counted, so that, while we
feel these specifications will be approved by that association, we cannot

guarantee it.

Vice-President Stimson :—I do not believe an important matter, such

as changing the specifications which have been in force for a number of

years, should be passed without some discussion.

Mr. C. E. Lindsay (United States Railroad Administration) :—On page

124 the following statement appears : "It is urged that when grades 2 or

3 are used, consideration be given to the injection of a greater quantity of

creosote oil per cubic foot." Can the Committee give us any information

as to what increased quantity should be used for the particular grades in

question?

Mr. Taylor :—The Committee is not prepared to propose any standard

for the further clearing of that clause, because when you use grades 2

and 3 you are not using the best grades of creosote oil ; consequently,

what one might consider a factor of safety in using 1 or 2 lb. more per

cu. ft., might not appeal to another Engineer, so that we have left that

open.

The clause was inserted there to help anyone to get more oil per

cu. ft., if he could not obtain grade 1, which has been the condition this

last year, and possibly always will be the condition. We always expect

that more than one grade of creosote oil will be offered, and no Engineer

can expect, with any assurance, that he will get the same results from

grade 3, the same quantity being used, as he will get from grade 1. It is

similar to the amount of wear you will get out of an 80-lb. rail com-

pared with a 100-lb. rail.

(Mr. Taylor's motion carried.)

Mr. Taylor :—The next specification is on page 124, "Specifications for

creosote-coal-tar solution.'' That is the oil that is being used in probably

95 per cent, of the work at the present time. It is a mixture of coal tar

and creosote, and is called creosote-coal-tar solution. The specification

for it exists in the Manual as shown up to Section 5. We are safeguard-
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ing that specification a little further by adding Sections 5, 6 and 7, so

that the additions to this specification are the same additions we have

made in connection with grades 1, 2 and 3, and were put there to help get

a good creosote-coal-tar solution.

I move that that portion of the specifications for creosote-coal-tar

solution, as given in Sections 5, 6 and 7, on page 124. be approved and

published in the Manual.

Mr. Lindsay :—I would like to call attention to the use of the word

"standard" in the last paragraph on page 124. There is no standard in

the American Railway Engineering Association.

Mr. Taylor:—The distillation method has been standardized by the

Association.

Mr. Lindsay:—Recommended practice?

Mr. Taylor :—Recommended practice. We will be glad to make that

correction.

Mr. W. H. Courtenay (Louisville & Nashville) :—As a matter of in-

formation I would like to ask of the Committee if there is any known
way of ascertaining whether the purchaser gets a distillate or a mixture

of a distillate of coal tar with crude coal tar? In our own practice we
have been unable to ascertain that. A good deal of oil appears to be a

mixture, and the seller denies it is a mixture, and claims it is all a dis-

tillate of coal tar. Is there any way of determining whether there is

any undistilled coal tar in the product furnished?

Mr. Taj^lor:—-In answer to that would saj' that on page 125 we have

endeavored to give you six precautions that should be followed in the

purchase of creosote-coal-tar solution, which will come up in a few min-

utes and will cover that point.

Mr. Courtenay :—I do not think that covers it. Suppose a producer

wants to defraud a purchaser, how is the purchaser going to find out

whether he got a mixture or not?

Mr. Taylor :—Creosote oil is an organic mixture consisting of many
different compounds. It is quite a complex problem. If a man has at-

tempted to make a good coal tar solution, there will probably be times

when you will not be able to tell whether he added refined coal tar to

that mixture or not, and a good creosote-coal-tar solution is a good oil,

and if it fulfills these specifications we believe it to be a good preserv-

ative for most purposes. As to its composition, we are not always able

to determine if we were not present at the time of manufacture, and it is

for that reason that we have suggested these six precautions. An analogy

will probably be cast-iron castings. The situation is almost the same.

When you get finished cast-iron castings you have reason to believe that

possibly there is some poor scrap used in it, but, if it fulfills the specifica-

tion, the manufacturer presumably has done what you expect of him.

(Mr. Taylor's motion carried.)

Mr. Taylor :—The next is on page 125 : "Precautions to be followed

in the purchase and use of the creosote-coal-tar solution." These pre-
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cautions are given in a revised form to take care of just those people who
want to be reasonably certain that they are getting a good creosote-coal-

tar mixture. You really have to be present at the mixing to analyze the

tar and the creosote oil to be sure that the manufacturer is doing what

you want. It is for that reason that we suggest the adoption of the

revised precautions on page 125. I move their adoption for publication in

the Manual.

(Mr. Taylor's motion carried.)

Mr. Taylor:—The Association has already adopted for recommended

practice the methods for actually determining the absorption of creosote

oil. That same method applies to determining creosote-coal-tar solution.

We would, therefore, recommend as shown on page 126, the paragraph

underneath the cut, that the heading in the Manual which covers the

point of "Methods of Accurately Determining the Absorption of Creosote

Oil" be changed to read: "Methods of Accurately Determining the Ab-

sorption of Creosote Oil and Creosote-Coal-Tar Solution."

They are both measured in exactly the same way, and the practice

as already recommended for creosote oil should be enlarged to include

the creosote-coal-tar solution.

I move that that heading be changed to read as shown.

(Motion carried.)

Mr. Taylor:—As changes have taken place in the manufacture of

creosote oil in the last few years, it has been necessary to add extra

instructions in the actual analysis of creosote oil, and under the heading

of "Analysis of Creosote Oils," starting on page 126 and ending on the

middle of page 132, you will note considerable underscored matter cover-

ing refinements in connection with the analysis of creosote oil. They are

in line with the work done in conjunction with a similar committee of the

American Society for Testing Materials. They are purely chemical addi-

tions to standardize among all operators the analysis of creosote oil. This

covers the additions to the specifications as already approved at this meet-

ing, covering the float tests and coke residue as explained on page 131.

If there are any questions in connection with these additions to the chem-

ical procedure, we will be glad to explain them further.

I move you, Mr. Chairman, that the underscored portions under the

heading "Analysis of Creosote Oil,* as given on pages 127, 128, 129, 130,

and 131, and up to the middle of page 132, be adopted for publication in

the Manual.

Mr. Lindsay:—I would like to again call attention to the misuse of

the word "standard" on pages 126 and 127.

Mr. Taylor :—We will be glad to make that correction.

(The motion by Mr. Taylor was adopted.)

Mr. Taylor :—The next point is the "Standard Specification for Zinc

Chloride." Any of you who have been in timber preservation this last

year know that zinc chloride is largely used as a preserv^ative, and we
have revised these specifications to meet the present-day conditions, and
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the future conditions, and they are shown on page 132. The specification

is short, but it covers everything that wc need to have in connection with

a specification for zinc chloride at the present time. I move you that it

be adopted for insertion in the Manual.

(Motion carried.)

Mr. Taylor:—Particularly since the Government has been controlling

the practice at the different treating plants, it has been found necessary

to devise a new method for determining the strength of zinc chloride

solutions as they are used in the different plants, and it is for this reason

that the Committee is proposing for adoption the method as shown on

page 133. It is a chemical method, and it has been in use long enough to

prove that it is very reliable. The old hydrometer scheme is not good

practice because of the fact that most zinc chloride solutions have some
creosote oil in them, and have a tendency to affect the Baume readings,

so that this method is proposed, and is now in actual use, in the majority

of our Government-controlled treating plants.

Mr. Chairman, I move its adoption for publication in the Manual.

(Motion carried.)

Mr. Taylor :—I want to call the particular attention of all the mem-
bers to our report on zinc chloride treatment. As Chairman of the Com-
mittee, I feel proud of it, and I would dislike to go away from the meet-

ing w^ithout bringing to your attention particularly our report, which

starts on page 137, covering zinc chloride treatment. We were directed

to make a critical study of the records of service given by the zinc chlor-

ide treatment, and to state definitely the results which may be obtained

from that treatment.

We had a Sub-Committee composed of Messrs. Rex (chairman),

Howard, von Schrenk and Waterman. They went into the subject of

zinc chloride treatment very fully, and their report is given on pages 137

to 156. It is the best report on zinc chloride treatment that has come
out for years, and they have gone into the matter very thoroughly, and
anyone who is at all interested in this subject can well afford to spend

a few minutes in reading just what they have given you.

In connection with their report, they have, on page 147, proposed

"Specifications for the Treatment of Ties by Burnettizing Process," which
process uses zinc chloride. This specification is now in use in the Gov-
ernment-controlled treating plants for the treatment of cross-ties. It has

been in service long enough to make us feel perfectly sure that it is a
specification which we can all adhere to.

I move the adoption of the specifications for the treatment of ties by
the Burnettizing Process, as underlined on pages 147, 148 and 149.

(Motion carried.)

Mr. Taylor :—That covers everything we have recompiended for

adoption, and the Committee appreciates your accepting our recom-
mendations.

In connection with this report on zinc chloride treatment, the Com-
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mittee went into the discussion of it primarily from a war standpoint,

because it was a preservative that was available in large quantities through-

out the war, and they came to the conclusion that, due to the scarcity of

creosote oil, there were certain territories where at that time it was not

advisable to use anything but creosote oil if it was available, and in the

other parts of the country they should use zinc chloride, and you will

note between pages 150 and 151 there is a map of the United States

showing the line of demarcation between the territories that should use

the zinc chloride and those which should use the creosote oil. The line

follows very closely the 40-in. rainfall. It starts in on the Gulf Coast in

Texas and reaches the Canadian border at a point very close to Maine.

That line is one that possibly by future Committees will be advanced

further north and further west, and coincide with what has been the line

previously between the roads that use zinc chloride and those that use

creosote. In connection with this study they found that there were

three general conclusions that should guide any railroad in determining

what treatment should be'used in its particular locality. You will find

these on page 150 under the heading "General Conclusions." These are

submitted to you for your information, and we do not ask for their

adoption. They are sign-posts for Engineers who are considering the

adoption of any of these preservatives. The basis for these conclusions

is largely drawn from the records given on page 157. There is nothing

new about this indicator for determining the penetration of zinc chloride

in timbers, except that we have taken what has been done by the Forest

Service, and improved it some. Mr. Bateman, who is with the Forest

Service, published a circular entitled "A Visual Method for Determining

the Penetration of Inorganic Salts in Treated Wood." That method has

been used by most operators, but the line of demarcation between the

treated and untreated wood was not clear, and this Sub-Committee has

investigated this subject and has given you a method that is clean and

concise and will give the results you are asking for.

Just to show you what it is, we have had a zinc chloride treated tie

cut in half and colored to show the penetration as brought out by this

new method proposed by the Committee. That is a longleaf sap pine

tie (exhibit, section of tie) and was treated with I/2 lb. of zinc chloride per

cu. ft. You will notice it is approximately 85 per cent, heart, and the

red area in the center is the untreated area. All the white area is that

area which has been treated, and the line of demarcation is very clear,

much clearer than was brought out in the old method. I will leave this

on the table and you may examine it.

Vice-President Stimson :•—The Committee is excused with the thanks

of the Association for its excellent report.



DISCUSSION ON YARDS AND TERMINALS
(For Report, see pp. 411-430.)

(Vice-President Stimson in the Chair.)

Mr. B. H. Mann (Missouri Pacific) :—The subject of "Unit Opera-

tion of Railroad Terminals in Large Cities" has been included in

approximately 150 questions under about hi subheads. It has been

suggested that we include in this year's Proceedings a skelton of a

sample organization of a unified terminal, and so that the Association may

intelligently pass upon including those in the Proceedings, I will ask Mr.

H. J. Pfeifer, Chief Engineer of the St. Louis-East St. Louis Terminal

District, to read the skeleton that is proposed to be included, which has

been issued covering that district.

Mr. H. J. Pfeifer (St. Louis-East St. Louis Terminal District) :—

1

was asked to present the basis of the organization of the Terminal Dis-

trict at St. Louis, and I thought that the best way to do so would be to

read the circulars issued by Regional Director Bush, announcing the ap-

pointment of A. S. Johnson as Terminal Manager, dated July 9, 1918:

"The appointment of Mr. A. S. Johnson as Terminal Manager of the

St. Louis-East St. Louis Terminal District, effective this date, is hereby
announced.

The Terminal Manager will have direct charge of the Terminal Rail-

road Association of St. Louis, including : St. Louis Merchant's Bridge
Terminal Railway, Wiggins Ferry, St. Louis Transfer Railway, East St.

Louis Connecting Railway, Interstate Car Transfer, East St. Louis Belt

Railroad, Granite City and Madison Belt Line, Tunnel Railroad of St.

Louis, East St. Louis & Carondelet Railway, St. Louis Belt & Terminal
Railway, St. Louis Bridge, St. Louis Terminal Railway, Terminal Rail-

road of East St. Louis, Union Depot of St. Louis, Illinois Transfer Rail-

road, St. Louis Merchant's Bridge, Union Railway & Transit Company of

Illinois, East St. Louis National Stock Yards, St. Louis National Stock

Yards, St. Louis and O'Fallon Railway, Alton & Southern Railroad, East

St. Louis & Suburban Railway, St. Louis & Belleville Electric Railway,

Litchfield & Madison Railway, St. Louis, Troy & Eastern Railroad, and
will have jurisdiction over the terminals of all lines within the switching

limits of St. Louis-East St. Louis District, reporting to the Regional Di-

rector of the Southwestern Region."

Also, a supplemental circular issued by Regional Director Bush, dated

July 10, 1918

:

"As announced in circular appointing Mr. A. S. Johnson Terminal
Manager of the St. Louis-East St. Louis Terminal District, effective July

9th, 1918, he will have jurisdiction over the terminals of all lines within

the switching limits of the district.

"The local or division officers of road lines who now exercise super-

vision over road division terminals in the St. Louis-East St. Louis switch-

ing district will continue such supervision as heretofore, furnishing the

Terminal Manager such reports as he may request from time to time.

"When there is necessity, the Terminal Manager will issue instruc-

tions direct to these local or division officers, who will be governed accord-

ingly.
'

"If, at any time, compliance with Terminal Manager's instruction? is

in conflict with other instructions which they may receive, the local or

843
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division officers will immediately notify the Terminal Manager, who will

then communicate with the Federal Manager, or General Manager, of the

road interested."

I might add in explanation that the railroads, other than the Terminal

Railroad Association of St. Louis and its affiliated lines, placed under

direct control of the Terminal Manager, include the railroad facilities of

the St. Louis National Stock Yards, the Alton & Southern Railroad,

which is a belt line around East St! Louis, and five short coal railroads

in Illinois, that extend out of East St. Louis a maximum of 43.4 miles.

These roads bring in a very large percentage of the coal used in the St.

Louis territory.

Mr. Mann :—It is proposed to add as well a skeleton of the Seattle

terminal, which Mr. Aishton advises is the one terminal in the North-

western Region in which all facilities are placed under one man. It is the

ambition of the Committee to be of use as a means of exchanging ex-

periences as to unification, and discussion will be of great help.

I move that Conclusion No. 1, on page 153, be adopted.

Mr. C. E. Lindsay (U. S. R. A.) :—It is a little unusual to publish

something in the Manual that we have not seen, and while I am heartily

in accord with and approve of the work that has been done by this Com-
mittee, I question very much the advisability of that method.

Mr. Mann :—The Committee would like to state that the inclusion

of the skeleton of the organization of a representative terminal which has

been requested would not be a matter of recommended practice in any

way under the control of this Association, but it would merely mean a

question showing what has been put in effect by the Railroad Administra-

tion. It would be a matter of history, which should be included in the

Proceedings of this year to complete this report.

Mr. Lindsay :^Mr. Chairman, it would be of much greater benefit to

the Association in the Proceedings than it would in the Manual for next

year. A great many more people would be liable to see that if it was

published in the Proceedings than if it was deferred until it could be pub-

lished in the Supplement to the Manual, which will not be out until late

in the year.

Mr. C. W. Baldridge (Santa Fe) :—Inasmuch as the Manual of this

Society is intended to represent recommended practice, also that the skel-

eton organization has not been printed for information, or in such manner

that we could study it, it seems to me it would be proper to permit this

entire matter to remain in the Proceedings for this year, and call it up

for consideration or adoption and publication in the Manual next year, as

has been done with a number of other cases, both last year and this year.

If I may be allowed, I move as an amendment to the motion that this

entire matter be deferred until next year, or be carried in the Proceedings

until next 3^ear, and then submitted for adoption for the Manual.

Mr. Mann :—In explanation I would say, request has been made that

this be included in the outline that is to go out in the literature this
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year. As far as the Committee are concerned, they wish to abide entirely

by the wish of the Association.

Mr. Baldridge :—That information will be available in its present

form in the Proceedings, and inasmuch as you think the skeleton form

ought to be included with what you have given, no harm can be done

by carrying it over until next year, so that it may then be put in as a

unit, if, after further consideration, the Association desires to do so.

Mr. W. M. Camp (Railway Review) :—As I understand it, the matter

which is submitted here has been pretty carefully considered, and unless

it is the expectation that it shall be revised, I would think it proper to

put that portion of it in the Manual. One way to get around this matter

which has not been printed, I should think, would be to insert the printed

matter in the Manual, with a reference note to the effect that these skel-

etons which have not been published, and which, as I understand, are mat-

ters of local concern, can be found in the Proceedings.

Mr. John V. Hanna (Kansas City Terminal) :—It seems to me, in

view of the situation in which the railroads find themselves to-day, that

it is a Httle early to put anything in the Manual on this subject of unit

operation. The question is under consideration of turning the railroads

back to their owners, and this whole subject may be a good deal modified

by that action. The Committee's report is available as information to

everybody who is interested, because it is in the Proceedings.

Mr. L. S. Rose (Cleveland, Cincinnati, Chicago & St. Louis) :—Mr.
Chairman, will you please have the Committee state just what they want
to put in the Manual?

Mr. Mann :—The matter covered by Conclusion No. 1, which begins

at the top of page 161, and runs down to about the middle of page 172,

to the line, "Subjects Nos. 3-4."

Mr. Rose:—It seems to me these questions are not fit subjects for the

Manual. It seems to me this Catechism is not a fit subject for the Man-
ual—a list of questions asking whether we are operating unit terminals,

and all that sort of information.

Mr. Mann :—The Committee would like to explain that last year the

Catechism on Design and Operation of Yards and Terminals was han-

dled in this way, and this is merely proposed, following along that expe-

rience and sequence.

Mr. Rose :—I think the Catechism is all right to find out something,

and after we get the information, we can set up a standard. I would not

make the Catechism a standard. This is a temporary arrangement. No-
body knows yet whether these tracks and terminal yards are economical
or not. They have not tested them out. I think it would be better to wait

until we find out where we are going.

Mr. J. L. Campbell (El Paso & Southwestern) :^Mr. President, I be-

lieve a principal objection to inclusion of this matter in the Manual at

this time is the immature state of it. It is in process of development.

Much may come out of it. In a year or two we may be able to arrive at
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conclusions sufficiently conclusive to warrant entry into the Manual. I

believe the knowledge of the Association in the matter is sufficiently in-

complete to warrant deferring inclusion in the Manual for at least one

year.

Vice-President Stimson :—For the information of the members pres-

ent, I would state that the Catechism of Yard Design and Operation was

adopted last year and printed in the Supplement to the Manual, Bulletin

207. The matter is very similar to what is now offered for adoption.

Mr. Baldridge :—In comparing the Catechism which was adopted last

year with that offered this year, I think you will find the Catechism

adopted last year was on yard design, which is pretty definitely established.

The Catechism this year is dealing with a subject which is not yet estab-

lished, and another year may make a great deal of difference in what is

required. It seems to me better to leave this in the Proceedings for a

year, and we can take the matter up agam next year.

Mr. H. S. Balliet (Grand Central Terminal) :—If it is in order, I

move an amendment to the motion that the matter be received as infor-

mation, supplementing information or recommended standards printed in

the Supplement to the Manual last year, on the basis that this is a devel-

opment or carrying through of a scheme which will be the ultimate matter

to be placed in the Manual.

Vice-President Stimson :—The Chairman of the Committee has of-

fered to withdraw his motion, and to have it printed regularly in the

Proceedings. I think that satisfies the point raised.

Mr. Pfeifer:—It seems to me that the adoption of this report for in-

sertion in the Manual does not necessarily mean that this organization

goes on record in favor of the policy of unified terminals, but that in the

consideration of the problem the points raised in the Catechism must be

given due weight.

Mr. Hanna :—I think the Committee is to be commended for the work
they have done along this line. It is excellent. I have read the report

with a good deal of care, and I think it is well to show some appreciation

of what they have done. I do not think, however, that it is quite time to

put it in the Manual.

Mr. Mann :—The Committee wishes to change the motion so that it

shall read that this matter outlined in Conclusion No. 1 be received as

information and printed in the Proceedings.

Vice-President Stimson :—The Chairman calls attention to the fact

that while there was considerable discussion, none of it was on the sub-

ject-matter of the report, but rather on the disposition to be made of it,

so the Chair takes the liberty of opening up the question again for dis-

cussion of the subject-matter of the report..

Mr. Balliet :—I am very much interested, and I would suggest to the

Committee, if it is along that line of work, which I hope it is, that next

year's Proceedings, so far as consistent and possible, give us diagrams,

not necessarily diagramatic, but maybe in word form, of all of the ter-
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minal organizations. It will give us a very fine start towards bringing this

very important matter to a satisfactory conclusion. From my point of

view, without a full knowledge or careful study of the makeup of the

units and the conditions generally involved, it is a very much involved

subject. I can state from my own personal observation it is important

that we work along that line, and in that way make considerable progress

towards unification.

Mr. J. L. Campbell :—Mr. President, I beheve the Committee can

obtain some interesting information of the unification of the terminals

at El Paso, Texas. The railroads entering there are completely organ-

ized in a unit terminal operation. It appears to be satisfactory to every-

one, and I believe some decided economies have been attained.

Mr. Mann:—Subjects 3 and 4, the Committee makes no report this

year to the Association.

(Mr. Mann here read portions of the report under Subjects Nos. 5-6.)

I move that the matter under Subjects 5 and 6 be received as a prog-

ress report.

(Motion carried.)

Mr. Mann :—The Committee wishes to call particular attention to the

additional matters shown in Appendix A, Appendix B and Appendix C,

which were included in the preliminary- report, and then Appendix D and

Appendix E, which is matter that has been given to the Committee since

the preliminary report.

Vice-President Stimson :—The Committee has furnished the Associa-

tion with a very valuable report. If there is no further discussion, the

Committee is relieved with the thanks of the Association.

SPECIlFlCATIONS FOR RAILRORD TRACK SCALES

Vice-President Stimson :—We will next take up the Supplemental

Report of the Committee on Yards and Terminals. Mr. Mann will pre-

sent the report.

Mr. B. H. Mann (Missouri Pacific) :—The question to be considered

is first a letter from President Morse to Secretary Fritch. It is as follows

:

"I am handing you herewith a copy of the Specifications for Rail-

road Track Scales gotten out by a Committee appointed by Mr. Aishton,

Regional Director of the Northwestern Region.
"Mr. Aishton suggested that the specifications be referred to the Com-

mittee of the American Railway Engineering Association on Track Scales.

"Mr. Tyler, Director of Operation, in handing me these specifications,

says : 'Mr. Aishton's letter indicates that we should not delay the matter
of approval very long on account of the situation in Minnesota, and I

shall be glad if you will ask both Committees to go over the proposed
specifications and advise in the premises without undue loss of time.'

"The other Committee to whom I am refTrirg th-s set of snecifica-

tions is the Committee on Weighing of the American Railroad Associa-
tion. I would suggest that you hand these to the Chairman of the Com-
mittee on Track Scales at the Convention, and ask him if he cannot get

his Committee together and go over these specifications and make at least

a preliminary report during the week of the Convention."
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Mr. Baldwin will read the preliminary report of this Committee.

This is a report we have prepared, addressed to the Secretary of the Asso-

ciation.

Mr. Hadley Baldwin (Cleveland, Cincinnati, Chicago & St. Louis) :

—

The report is as follows

:

"Referring to attached papers enclosing specifications for new track
scales submitted by Mr. Aishton's Committee. Your Committee states

that it cannot, in the limited time at its disposal, make such a thorough
study of these specifications as would make immediate approval thereof
anything more than a merely perfunctory act. We may safely say that

they are good specifications, according in their more essential provisions
very substantially with our own specifications adopted one year ago.

Nevertheless our cursory examination shows there are differences from
our specifications which we think may well be brought in ques-

tion and it sems to our Committee that in a matter of such wide and
important application there ought to be time enough allowed for deliberate

examination.
"We therefore recommend that the Secretary of the American Rail-

way Engineering Association be directed to arrange for a meeting of the

Committee on Weighing of the A. R. A. and the Track Scale of this

Association, to be held not later than April 8, inviting Mr. Aishton to

have his Committee represented at such meeting and that the A. R. E. A.
Committee be given power to act under the direction of the Board of

Direction of the A. R. E. A."
Committee on Yards and Terminals.

Mr. Mann :—In explanation of the report, the Committee does not

feel that the specifications of Mr. Aishton's Committee can be substi-

tuted for the specifications which we have in our Manual without some

further study, and we ask this further time in which to make the re-

port, as desired by the Railroad Administration.

Mr. C. E. Lindsay (U. S. R. A.) :—I move the adoption of the rec-

ommendations.

Mr. George W. Kittredge (New York Central) :—Can the Committee

tell us in a general way the variations of this proposed specification from

those already adopted by the Association?

Mr. Baldwin :—The Committee has made an informal reply to Mr.

Aishton's representative, Mr. Haugh, his Engineering Assistant, but its

criticism was made hurriedly and is tentative. We did not feel as positive

of our criticism as if there had been time to deliberate and make a thor-

ough comparison of these specifications with ours.

(Mr. Baldwin reads letter.)

These are some running comments we made, as stated, after a hasty

study of these specifications. We did not attempt to make a final judg-

ment and do not insist on standing by this criticism, but it is the result of

our hasty examination of the specifications. If we are to make any further

criticism than that we have made to the effect that they are generally good

specifications, and accord closely with the substance of our specifica-

tions, we cannot do it to-day. Speaking for the Committee, we did not

feel we had the time in which to do that.
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Mr. Lindsay:—The American Railroad Association has been formed

to give to the United States Railroad Administration prompt action on

questions of this kind. This is the first action that has been asked of

the Engineering Section of that Association and this Association has an

opportunity to perform useful service. As in all cases, they want quick

action, which sometimes means snap judgment; so that it seems to me we
must be careful what action we take.

Are we referring this question to a Sub-Committee, with power to

act, to take up the negotiations at the meeting on April 8th, and authoriz-

ing them to express the opinion of this Association on the subject, or

are we authorizing that Committee merely to co-operate with the other

men to the extent of giving them the benefit of their knowledge and

their co-operation, and of studying and analyzing our specification as

compared with the proposed specification? We should define just what

authority our Committee has at that proposed meeting.

Mr. Mann :—The Committee discussed that question for a long time

this afternoon. The Committee felt that this was the first opportunity

for this Association to give this direct service to the Railroad Administra-

tion, and the thought of the Committee was somewhat along this line

—

that the situation had come up that in one region specifications had been

submitted to the Administration at Washington, the Regional Director

asking in the meanwhile that these specifications that have been submit-

ted to Washington be referred to this Association for approval, and

that the approval be not delayed any longer than was absolutely necessary.

The Director of Operation, in handling the matter, merely added

one more committee to act and it is the thought of our Committee that

it was the purpose of the Railroad Administration to say that when these

two committees met and made their report on this specification that it

should be final as far as the Railroad Administration was concerned. The
Committee believe that is the case, due to the fact that the point is em-

phasized that we must have action without undue loss of time.

In discussing the rules and regulations the Committee saw no other

way of getting formal action before next year.

Mr. Lindsay:—I think it would be desirable to instruct our Commit-
tee what to do when they get to the meeting, and I move an amendment
to the pending motion that they be authorized to act in behalf of this

Association. The exigency of putting into effect specifications for track

scales, under the auspices of the United States Railroad Administration,

is so great that when this Committee reports on common specifications,

in which the main essentials are substantially the same as ours, there is

nothing this Association can do, as I understand it, in influencing the

Railroad Administration against proceeding to put them into effect.

Mr. Kittredge :—It seems to me that Mr. Lindsay's amendment is in

order. If we instruct this Committee to act on behalf of the Association,

all right ; if the Committee finds all of the items in the specification agree

with the items that are already in our Manual, why that is all right. But

if there is a departure and the Committee feels they ought to yield in cer-

tain respects, they should be authorized by us to take action. They
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should not change the Manual without being duly authorized so to do.

Mr. George H. Bremner (Interstate Commerce Commission) :—It

seems to me we should not give up the authority of this Association over

the Committee. This Committee can have their joint meeting with in-

structions to arrive at their conclusions, and recommend these conclu-

sions through the President of the Association, and the President can

transmit these as Committee recommendations to the United States Rail-

road Administration at the meeting of the Association, so that they will

still be subject to final review by this Association, but in the meantime they

may be put into efifect by the Railroad Administration. If the President

thinks the conclusions such that they should not be handled in that way he

can then submit the recommendations to the Board of Direction for ap-

proval.

Mr. J. L. Campbell (El Paso & Southwestern) :—This Committee

should be empowered to act for the Association, agreeing with other par-

ties represented on a specification for scales. In lieu of that, the Commit-

tee could be authorized to act in an advisory capacity to the other parties

recommending to the Railroad Administration specifications which, in its

judgment, would be be all right for the Administration. The Adminis-

tration desires specifications immediately; consequently the Committee

should be empowered to act and have the specifications as nearly as

possible in conformity to the specifications of this Association.

Mr. Baldwin :—We think we can come to agreement with their com-

mittee if there is reasonable time to discuss the matter. It was the feel-

ing of our Committee that it should have a conference and by means

thereof be enabled to make a definite report to this Association.

Mr. H. R. Safiford (U. S. R. A.) :—I think all we need to do is to

authorize the Committee to meet the other committees specified and give

them power to lend their endorsement to any specification that may
be agreed upon between the three committees, provided it is understood

to be merely a tentative specification and have it stipulated that it does not

bear the final endorsement of the American Railway Engineering Asso-

ciation.

Mr. W. M. Camp (Railway Review) :—Suppose that a specification

for wood preservation or a specification for rails should be presented

in a similar manner, and these committees unite with other committees and

call it a tentative agreement; will not that have the effect of undoing the

work of this Association to some extent?

Mr. John G. Sullivan (Canadian Pacific) ;—If there is nothing wrong
with our specification, why does not this Association say- so—that we
recommend that they take our specification and have done with it.

Mr. W. H. Courtenay (Louisville & Nashville) :—Has Mr. Aishton's

Committee given consideration to the specification of this Association, and

if so, what objection have they to it?

Mr. Baldwin:—I understand indirectly our specifications were con-

sidered and made the basis of their specifications. That is borne out by

the fact that in the essential provisions they are substantially in accord
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with o'urs—the items of first magnitude—but there are other items in the

specification involving scientific accuracy, to which they took exception,

on the basis of the" scientific inaccuracy of the thing.

Vice-President Stimson :—The committees to be appointed by the

American Railway Engineering Association to conduct its work for the

coming year will also be approved and accepted by the Engineering Sec-

tion of the newly-organized American Railroad Association. Therefore,

this Committee on Yards and Terminals will be conferring with another

Committee of the American Railroad Association. I believe we can

safely trust them to get together on the matter—they may evolve a speci-

fication better than the one we now have.

We have a responsibility placed on us by assuming the work of the

Engineering Section of the American Railroad Association, and as I see

it, this is one of the first things that has come to us from that Associa-

tion. The Chair thinks we are safe in giving the Committee power to

act, and, of course, they will report back to the Association.

Mr. Camp :—Would there be time to submit this matter to a letter-

ballot of the Association, and would decision by a letter-ballot be the

proper method of handling it?

Vice-President Stimson :—If there are very important changes, that

could be done ; but if the changes are only in detail, it would not be neces-

sary.

Mr. Kittredge :—We should give the United States Railroad Admin-
istration the information it has asked for. However, I should be sorry

to see the high standard of our Manual lowered by any hasty or pre-

cipitate action taken by the Committee.

Mr. S. S. Roberts (U. S. R. A.) :—Some of the members of this

Committee take exactly the stand that has been expressed on the floor,

that is, that our specifications were very carefully prepared, after joint

meetings with the committees of the American Railway Association and

with the manufacturers. As long as the specifications which are proposed

do not differ materially from our own specifications—they differ only in

minor details—we should stand pat on our own specifications, and if there

are any unessential details which are advocated in the proposed specifica-

tions, which seem desirable, we probably should modify our specifications

to include them.

Mr. J. R. W. Ambrose (Toronto Terminal) :—I second Mr. Lind-

say's motion, with the understanding that in the negotiations our Com-
mittee will have that they father their own baby, in other words, that they

are to put our own specification forward as far as possible.

Mr. Reuben Hayes (Southern Railroad) :—The Aishton Committee

was composed in part of representatives of the Scale Manufacturer^' Asso-

ciation, a representative of the Scale Men's Association, and a man who is,

or has been, a member of the American Railway Association Committee

which drafted the American Railway Association track scale specifica-

tions. He was not acting in an official capacity as representing the Ameri-

can Railway Association, but was appointed as an individual. There was
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also represented on the Committee a railroad in the Northwest, the Minn-

esota Railroad and Warehouse Commission, the Bureau of Standards,

and I was added to the Committee, partly through a misunderstanding

—

a belief that I was at that time a member of the Committee on Yards and

Terminals of the American Railway Engineering Association and be-

cause of my connection, in an advisory capacity, with the Committee in

the drafting of the American Railway Association specifications. Later

I was added to the Committee on Yards and Terminals of this Associa-

tion.

When we met to draft the Aishton specifications, we did not know

which specification to follow as an outline. It was my desire to follow

the American Railway Association specification, because that was the

original railroad track scale specification. It was the model for the

American Railway Engineering Association specification.

The representatives of the Scale Manufacturers' Association and the

Minnesota Railroad and Warehouse Commission, as well as the repre-

sentative of the Bureau of Standards, were of the opinion that the form

of the Minnesota Railroad and Warehouse Commission's specification was

superior to that of the American Railway Association specification. The

rest of us saw no objection to it as to matter of form. The matter of

substance is of vital importance. Therefore, we took the Minnesota speci-

fication as a model as to form.

The principal difference between the American Railway Association

specification and the Aishton draft is that the American Railway Associa-

tion specification uses the word "should" instead of "shall." It li entirely

recommendatory. Any railroad which wishes to use that specification must

rewrite it and make the word "should" read "shall," just as the other specifi-

cations of_ our Association use the word "shall." It does not limit the

lengths and capacities to any great extent, and railroads may adopt a

multitude of specifications, all in accordance with the American Railway

Association specification, and when I say American Railway Association

specification I mean also American Railway Engineering Association

specification, because for all practical purposes they are identical ; they

may draft different specifications and say they are in accordance with the

American Railway Association specification and the manufacturers must

have an equal number of patterns, and that means an added cost in the

case of every railroad that has some idea a little change here and

there is necessary. The usual result is that the railroad does not secure

uniform quotations, there is a compromise and the scale purchased is not

in accordance with the specification which was attached to the original

requisition. It is a compromise between the railroad and the manufacturer.

I do not believe that a state or a railroad can use the American Rail-

way Association specification and get good results without remodeling it

to meet the special conditions which exist. I do not mean they should re-

model general principles, or that they will secure a scale that will not meet

the American Railway Association specifications, but the American Rail-

way Association specification (without revision) does not meet practical

conditions.
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The Aishton specification provides for two classes of scales, one for

light service, that is, for service where a comparatively small number of

cars will be weighed, and one for heavy seVvice, where ordinarily a great

number of cars will be weighed. Both scales are designed with the

same unit stresses except for knife edges, and for the same loads. The
light service scale is to be made with sectional capacities of 60 and 75

tons, and the heavy service scale with sectional capacities of 75 and 100

tons. The knife edges on the light service scale are to have a higher stress

than those on the heavy service scale.

I believe that since the Railroad Administration has put up to us a

question we should meet it, and answer it as quickly as circumstances

will permit, and we should do so without unnecessary jealousy of any

work we may have done previously, but we should stand by correct prin-

ciples and the good things we have done before.

I believe that the Committee should be given such authority as may
be necessary to get quick action satisfactory to both the Railroad Admin-
istration and to this Association.

Mr. J. L. Campbell (El Paso & Southwestern) :—A scale specification

is called for by the Railroad Administration. This Association is asked

to assist in making that specification. We can trust this Committee to

act for the Association representing it in the formation of the specification,

depending on it to do all that it -can to make that specification conform

as nearly as may be to the specification of this Association.

Vice-President Stimson :—The Committee accepts the amendment
made by Mr. Lindsay, that the Committee be given power to act, and the

Chair would suggest adding further, "and the matter be handled under

the direction of the Board of Direction."

(The motion, as stated by the Vice-President, was agreed to.)
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(For Report, see pp. 193-205.)

(Vice-President Stimson in the Chair.)

Mr. E. B. Katte (New York Central) ;—Six subjects were assigned

to the Committee on Electricity by the Board of Direction, the Committee

is able to report on three, and asks the continuance of the other three

subjects.

The first report is: "Revision of Manual." (Mr. Katte read the mat-

ter on page 104 under "Revision of Manual.")

Mr. Katte :—These definitions have been before you for a year. Some

revisions have been made, they are not very important, and I move the

adoption and publication in the Proceedings and in the Manual of the

"Electrical Definitions," listed in the report of Sub-Committee No. 1, and

that the Committee be authorized to continue the examination of subject-

matter in the Manual pertaining to Electricity.

(Motion carried.)

(Mr. Katte read the matter on page 196 relating to "Clearances," and

"Transmission Lines and Crossings.")

I can supplement the report by saying that delegates have been ap-

pointed, three from each of the associations ; they have been working for

the past month and a half, having held seven or eight meetings, and the

revised specification is now in the hands of the stenographer. At the

Fall meeting of the American Electric Railway Association the joint

specifications will come up for approval, and it is hoped by the time of

your next meeting the specifications will be in your hands for adoption,

and then we will have a revised joint Overhead Transmission Line Cross-

ing Specification, approved by all of the railroad associations.

The next subject is "Electrolysis and Insulation," Sub-Committee No.

4. The Committee has nothing to offer and there has been no meeting

of the American Committee on Electrolysis during the past year. How-

ever, since the rejfort was written there has been a meeting of the Tech-

nical Sub-Committee of the American Committee on Electrolysis. They

have prepared a tentative program for the year's work, and the Chairman

of the Committee, Mr. Bion J. Arnold, has been asked to call a meeting

of the whole Committee, in order that this work may b.e started.

(Mr. Katte read the matter under "Maintenance Organization and Re-

lation to Track Structures" and also the matter under "Water Power.")

Mr. Katte:—The Committee has to some extent investigated the uti-

lization of water power for electric railway operation and has collected

some data to indicate to what extent water power is now used to generate

electricity for the operation of steam railroads.

(Mr. Katte then read from page 198 matter beginning "Norfolk &
Western Railroad," and at its concluson said:)

The Committee ofifers this to show that water power is not always

cheaper than coal.
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(Mr. Katte read the matter on page 200, beginning at (b) and at its

conclusion said :)

The figures in this case show that the cost of water power was but

sHghtly less than steam. To illustrate the savings which may be expected

from electric operation the Committee has cited two cases.

(Mr. Katte read near top of page 201, "A concrete example of fuel

saving," etc., and after "water power" at the end of the paragraph, and

said:)

That is, if the present electrified roads had been operated by elec-

tricitj' derived from water power, there would have been a saving of some

two million tons of coal.

(Mr. Katte then read the matter beginning, "A concrete example of

fuel saving near the bottom of page 201," and at its conclusion said:)

This shows the difference in saving of coal; first, if the electricity

had been produced by water power, and, second, if the coal had been

burned under large power plant boilers to generate electricity, as com-
pared with burning coal in the locomotives themselves.

Attention is called to two articles pertaining to the use of water

power, also to the restriction put upon water power rights by the Federal

and State Governments. The conclusions of the Committee on this sub-

ject are as follows

:

"(1) It is important to reduce the use of coal where possible by the

development of water power.

"(2) Water power will show the greatest economy in the West on

account of the higher cost of coal and minimum cost of water power de-

velopment, but may show economy in other districts at present or future

coal prices.

"(3) In general, auxiliary steam plants should be built to develop

the water power beyond its minimum capacity, and to secure reliability of

service.

"(4) Laws should be modified to permit the development of water

power on public lands and on navigable streams, under reasonable re-

strictions.

"(5) In their studies and investigations of this subject the Commit-
tee have been impressed with the failure of some of the carriers to so

keep their records as to permit the proper segregation of data which is

necessary to calculate the tons of coal consumed in steam locomotives

separated from coal consumed for other purposes on sections or divisions

where electricity has been substituted for steam."

The Committee has found little difficulty in estimating with a fair

degree of accuracy the cost of electrical operation on a given section of

railroad, but it has had great difficulty in obtaining the actual cost of

steam operation on the same territory.

I would move, sir, the acceptance of the report of Sub-Committee No.
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(6) on Water Power, and its publication in the Proceedings as informa-

tion.

(Motion carried.)

Mr. Katte :—The next subject is Item 5, "Electrical Interference,"

Sub-Committee (7).

(Mr. Katte read the matter on page 203.)

Mr. Katte :—I would move you, sir, the acceptance as information,

and for publication in the Proceedings, of the report of Sub-Committee

(7), on "Electrical Interference."

(Motion carried.)

(Mr. Katte then read the matter on page 204 headed "Proposed

National Electrical Safety Code.")

Mr. Katte:—There is present this morning Mr. Wagner, of the Bu-

reau of Standards, who has come to Chicago to discuss parts of the Code

with the Committee. I would request the privilege of the floor for Mr.

Wagner.

Vice President Stimson :—We will be glad to accord the privilege of

the floor to Mr. Wagner.

Mr. M. H. Wagner (Electrical Engineer, Bureau of Standards) :—

I

only came with the idea of answering questions of your Committee on

Electricity, but we were not able to get together, and Mr. Katte has been

very kind to give me an opportunity to tell you just what the status of

the National Electrical Safety Code is to-day. I would like to have

everyone here to-day familiar with the present status of it. We have a

proposed revision of Part 2, which deals with the overhead and under-

ground circuits of all kinds. We have submitted it from time to time

to those who are vitally interested, for suggestions as to possible changes

to be included in this revised copy and we are receiving suggestions which

are of great value. This proposed revised Part 2 has been submitted to a

number of conferees who are to go over it and give us the benefit of their

criticism. We are about to receive these criticisms and comments, and as

soon as they are in and the various suggestions have been boiled down, it

is likely there will be held a conference in Washington or New York, or

some other easily accessible place, where further discussion and criticism

will be given. Then there will be issued a photo-lithographic copy of

Part 2 of the Code, which will show clearly where changes are made.

This photo-lithograph copy will be submitted to the various conferees.

If there are any members of this Association who would like a copy of

that report, we will gladly send it, because of our anxiety to get it be-

fore the greatest number of interested parties possible. Before closing, I

want to express the Bureau of Standards' appreciation of the co-operation

of your Committee on Electricity, particularly that of the Chairman, Mr.

Katte, and we only hope that in the coming year we will secure the same
co-operation of the Association and your Committee.
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Mr. Katte :—I move the acceptance as information, and for publica-

tion in the Proceedings, of the Committee's report on the National Elec-

trical Safety Code.

(Motion carried.)

Mr. Katte :—I move the acceptance of Recommendation No. 8, in con-

nection with "The National Joint Committee on Overhead and Under-

ground Line Construction," as follows : "Accept as information and pub-

lish in the Proceedings the Committee's report on the National Electrical

Safety Code, and continue co-operation with the United States Bureau

of Standards in the preparation of Safety Codes."

(Motion carried.)

Mr. Katte :—I move the acceptance and publication in the Proceed-

ings of the report of the Committee as a whole.

(Motion carried.)

Vice-President Stimson :^The Committee has given us a most excel-

lent and comprehensive report. If there is no further discussion, they are

relieved with the thanks of the Association.
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(For Report, see pp. 226-238

j

(Vice-President Stimson in the Chair.)

Mr. F. R. Layng (Bessemer & Lake Erie):—The report of this

Committee will be found in Bulletin 213, page 226.

The first subject which we report on is "Effect of the Design of

Tie Plates and Track Spikes on the Durability of Cross-Ties."

(Mr. Layng read the matter.)

Mr. Layng:—The second subject is, "Methods in use by various

railways for controlling tie renewals." I will not take the time to read

the result of this work of the Sub-Committee, as it is only offered as

information.

Sub-Committee No. 6 gives a report on "Trials of Substitute Ties."

This is also offered as information.

I move that these three reports be received as information and pub-

lished in the Proceedings.

Mr. C. E. Lindsay (U. S. R. A.) :—I have not heard the Chairman

make any comment on the revision of the Manual.

Vice-President Stimson :—The motion is on the acceptance as infor-

mation of the Committee's report on Subjects 2, 3 and 6.

Mr. W. M. Camp (Railway Review) :—Near the bottom of page 227,

the Committee expresses an opinion stated in two paragraphs. I wish

to ask if that is the unanimous opinion of the Committee?

Mr. Layng :—Yes, it is.

Mr. W. J. Burton (Missouri Pacific) :—I think Mr. Camp has in mind
the question of the desirability of screw spikes, rather than the ques-

tion assigned to the Committee which was the effect of screw spikes on

the durability of ties. The two questions are not exactly the same.

Mr. G. J. Ray (IJ. S. R. A.) :—About three years ago I made a re-

port to the Association after five or six years' experience with screw

spikes in maintenance and construction work. The conclusions reached

in that report stand to-day. We went into the screw spike proposition

for the primary reason of saving ties. We thought we would be ^ble to

treat certain kinds of wood and establish good, long life. As Mrjfourton

has said, the subject under discussion is: will the screw spike prolong

the life of the tie?

One thing which I mentioned in the report just referred to, and of

which I have become more convinced, is that the use of an inferior

class of pine tie is not advisable on a heavy traffic road, and the screw

spike does not materially lengthen the life of that tie. In other words,

the tie can be so soft that even a very large flat-bottom plate and screw

spikes will not materially lengthen the life.

There is another important thing which has -not been given proper

considerati-on by most of those using screw spikes, and that is the ques-

tion of the standardization of the thread on the spikes. Do you realize

that if you put an ordinary screw into wood and extract it immediately,
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not after it has been used for years, insert another screw of the same

diameter of shank with a different thread, you will spoil the threads

of the wood? When you do that two or three times you can pull the

screw out with your fingers. It is easy to see if you do the same thing

with a screw spike, exactly the same result will follow. Some of the

errors made in connection with the screw spike are due to that very

cause, and some of the opinions which have been expressed in regard to

the efficiency of the screw spike and on which this Committee must neces-

sarily pass to reach conclusions, are based on that sort of information.

Roads have often bought two or three different kinds of spikes, with a

different kind of thread in each case, and in removing the spike from the

tie and putting in another, they naturally ruin the holding power of the

spike.

Regarding the conclusions on page 221 ,
you will notice there are two

main points ; first, whether screw spikes will increase the durability of the

ties, concerning which item there is not enough information available,

and in, the second conclusion the last part of the sentence reads : "And

so-called permanent track where there is a more substantial foundation

provided than on ordinary tie and ballast track," intimating that there is

some doubt in the opinion of the Committee whether on a more or less

yielding roadbed the screw spike is not a failure. It would appear that

the Committee feels that on a solid concrete roadbed or permanent road-

bed the screw spike may very materially increase the life of the tie,

whereas they are not at all sure about it on a yielding roadbed.

In the fall of 1911 the Lackawanna Railroad put into service what

was known as the Hopatcong Cutoff, 30 miles of double track, over which

the main line traffic of the Lackawanna is hauled. The rail was laid on

creosoted pine ties, red oak, maple, beech, gum, etc. The various classes

of ties were kept separate as far as they could be, and we have had a

good opportunity for a test.

The track has been in service nearly eight years. We have taken out

possibly 30 or 40, or perhaps 100 ties. In all cases the ties that have

been remo.ved were perfectly sound on the outside. We had gum ties

that were decayed, unquestionably before they were treated. The Com-

mittee on Wood Preservation brings out in their report presented this

morning that you must be sure the tie is all right before you treat it.

We had ties in which we could remove the spikes with our fingers. The

tie ha^ a good shell half-inch thick ^nd was rotten in the center. Out-

side (^- these few cases there are uo screw spikes that are loose after

eight ^ars of service, and it mu^' be remembered that part of this line

was under service in 1911 during th^^ construction. I do not feel that we

will be able to give much definit§;-ihformation on the effect of the screw

spike on the other ties in this. Hue for a matter of five or seven years.

When we first went into the question of creosoting ties, the problem

was to get the full benefit out of the additional expense of treating.

From our experience with bridge ties and all sorts of flange plates, we
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came to the conclusion there was no use in putting a creosoted bridge tie

on our railroad with a flanged plate. We destroyed lots of bridge ties

before they were worn out, and we felt we must go to the flat-bottomed

plate. We have a lot of curvature on the road and did not want to take

any chances with the flat bottom plate unless we had something better

than cut spikes to hold the plates in place. Thus we went to the screw

spike to save the tie from mechanical wear.

If you will turn to page 135 of the report of the Committee on Wood
Preservation, Bulletin 213, the Committee inserted this paragraph

:

(Mr. Ray then read the paragraph beginning "A very important fea-

ture" down to "erection of the tank.")

That is exactly what we have done with reference to our track ties.

We put in machines and now adze and bore the ties before they are

treated, thereby preventing the destruction of the timber by cutting wood
which is not properly treated.

In the same Committee's report, on page 139, in the "paragraph marked
A, occurs the following

:

(Mr. Ray then quoted from "A careful study" down to "Mechanical

wear" on page 139.)

That is exactly the problem we are up against, the question of pro-

tecting the tie, and is the reason for our using the screw spike. We be-

lieve we are getting good results.

Now in regard to screw spikes on a more or less yielding roadbed :

—

On this particular line above referred to we laid part of the line with

91-lb. Lackawanna rail, rolled in 1910. The rest of it was 101-lb. section

rolled in 1911. We have had less rail failures on that line than on any

other part of the railroad, notwithstanding the fact that we have had

settlements as great as three feet on some parts of this road.

We still have a perfectly good gage condition except with a few

curves where we have soft sap pine ties and where it was necessary to

roll the rail. Thus the question of settlement has not had an}- serious

effect on the holding power of the screw spikes.

The 1910 91-lb. rail has, as a rule, caused us more trouble from break-

age than any other rail we ever had, but no serious trouble has developed

with the rail on this line. The rail is laid on that part of the line where

excessively high speeds are made by both passenger and freight trains.

Furthermore, the maintenance cost on this part of the line has been

far below the average cost of maintenance on the railroad. Again, the

present cost of maintenance on the entire line is the best evidence in the

world that we have made no serious mistake on the screw spike proposi-

tion. During the first ten months of the yeai" 1918, on figures given out by

the United States Railroad Administration, the Lackawanna was the only

railroad in the Eastern Region which had not very materially increased

their maintenance expense. This may not have been due to the screw

spikes in any way, but I am very sure they did not have any bad effect

on the results.
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Mr. F. Boardman (New York Central) :—The Committee was con-

fronted with an almost unanimous report, with two or three exceptions,

from the roads of whom they asked these questions, that they did not

believe in screw spikes. We had, on the other hand, the very successful

installation on the Delaware, Lackawanna & Western and one or two

other roads. In making these adverse criticisms in the reports, there were

a number of specific reasons given; such as, "there was no form of insert

so that they could renew screw plugs," and some other question! that

have been brought up by Mr. Ray. They gave different reasons, and

were finding different troubles, and it was the opinion of the Committee

that with that information before them, it was not proper to make a gen-

eral statement that screw spikes were desirable in spiking down ties un-

less standards of construction and maintenance were also specified. Among
other things we asked for was a detailed report from the Delaware, Lack-

awanna & Western Railroad, which is now being gotten up to answer these

specific objections.

Mr. Ray:—In what I said a minute ago I did not intend any criticism

of the Committee's work. I expected just such a report. It was merely

as a matter of information.

Question 5 asked by the Committee reads : "After the wood has be-

come loose or decayed around the screw spike, have you developed any

satisfactory plug to insert in the tie and thus secure a former hold? If

so, please describe the plug and method of application. Under these con'

ditions do you replace the screw spike with a cut spike ?"

How are you going to plug a rotten tie? There are several schemes

which have been developed that are more or less impracticable. We have

tried a lot of them, and that is one of the vital questions we have to face.

'If for any reason a spike does get loose we have got two more holes in the

tie plate in which to replace it. Our only difficulty has developed with

reference to curve conditions ; we have absolutely none on straight track.

Mr. Baldridge :—The Santa Fe Railroad has put in probably 100 miles

of track with screw spikes, and if you ask Mr. Rex, of the Tie Department,

what results we get, you will get one answer, and if you ask me, you

will get another. This is a question which I think you will find has

been pretty well handled by the Committee up to the present time, and

from the results of the study by the Committee, there is nothing to prove

that the screw spike is of any benefit in protecting the tie. In October,

1916, I inspected some track laid with screw spikes in the winter of 1910

and the spring of 1911. I used a taper gage to insert under the head of

the spike to determine how much space there was between the spike and

the rail, and in doing that I found probably one per cent, of the spikes

were quite loose in the tie and could be readily lifted out of the tie by the

fingers. Whether or not the service will eventually justify them, re-

mains to be seen.

Mr. Camp :—Do I understand that you raised a screw spike by lifting

it out with your fingers?
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Mr. Baldridge :^—Yes, sir; a great many of them, but 30U will not find

that by going over the track and looking at it
;
you have got to bend your

back and get hold of them.

Mr. Camp :—Do you know whether such looseness was due to decay

of the timber or to something else?

Mr. Baldridge :—That seems to me to be due to the motion in the rail

lifting the spike slightly out of place and wearing through the thread in

the wood between the threads of the spike, or the wood separating the

two threads.

Mr. A. S. Baldwin (Illinois Central) :—What kind of timber were

these ties?

Mr. Baldridge :—Most of those ties were treated. I am not sure

whether all of them were or not. It was a mixture of hard pine anc\

gum with a few oak ties, mostly treated.

Mr. H. R. Safford (U. S. R. A.) :—One of the members of the Com-
mittee, I think, ma.de the statement that the purpose in the particular

language that is aeed at the bottom of page 227 was to correct a state-

ment or impression now in the Manual. Do we understand that this is in

effect a recommendation that something in the Manual be withdrawn or

altered?

Mr. Layng:—It is not in "the Manual. It is in the Proceedings for

1914 in which that statement was made. This is not recommended for

the Manual.

Mr. Lindsay:—If that subject has been finished I would like to call

attention to No. 3, on page 229. With the present tie situation, it seems

to me that that subject is one of most vital interest. The Committee

has complied with instructions, and has submitted a report on methods in

'Use which are comprised in field inspection and post-mortem examination.

Certainly the conditions of the present season will necessitate an even

greater use of preliminary field inspection if railroads are to be main-

tained in proper condition to approach the succeeding winter. I have

always advocated preliminary field inspection, coupled with an arbitrary

rule that no section foreman should be allowed to put in more than a

designated number of ties per rail length without asking for inspection

by his superior, and I have had most excellent results from that method.

The ordinary foreman will open up his tracks where he has a tie which he

considers proper to remove, and will find that the tie alongside of it is

getting soft, and while he is at it, will think he might as well take out the

two ties instead of one, unless some check is placed upon his action. 1

would seriously urge upon the Committee the study for the succeeding

report of the subject of definite methods that should be followed of pre-

liminary inspection, rather than post-mortem examination.

(Mr. Layng's motion carried.)

Mr. Layng :—The Committee last year canvassed the Association and

found that forms 301, 302, 303 and 304 were not being used by the

members of the Association, and it was further stated in these replies



Discussion. 863

that there was no prospect of their using them. The Committee there-

fore recommends that these forms be withdrawn from the Manual, Mr.

Chairman, I so move.

Mr. Lindsay:-—I would Uke to ask if the Committee discovered from

their rephes received what the objection was to these forms, whether th.ey

were too voluminous, too complicated, or what was the difficulty,

Mr. Layng :—One reply that I recall suggested that it would be neces-

sary to have a clerk on each section, in order to keep the forms up.

Most of the replies simply said that they were not being used, and, further,

that there was no prospect of their being used by the roads answering.

Mr. Safiord:—I would certainly vote "no" on that, Mr. Chairman. I

do not believe we should withdraw forms from the Manual that have

been developed after some years of study by the Committee, merely be-

cause we find that they are not in general use. We have been all look-

ing forward to the time that we could get these forms in greater use,

and unless some real difficulty is suggested against them, we ought not to

abandon them. The Committee apparently has not developed any material

reason from these roads as to their objections, and I do not think .we

are doing right in arbitrarily withdrawing these forms in the absence

of such objection.

Vice-President Stimson :—If that same principle was applied gener-

ally, we would not have much left in the Manual.

Mr. J. L. Campbell (El Paso & Southwestern) :— I believe some bet-

ter reason than that they are not used should be given before they are

withdrawn without substituting something for them. If they are to be

withdrawn they should be replaced by forms acceptable to the Associa-

tion and that would be used.

Mr. Camp :—I would like to know what the Committee thinks of

these forms, on their merits; and also is there anything back of this?

Does the Committee feel that these forms are not properly drawn up?
Mr. Layng :—The Committee feels that the forms are impracticable

to be kept up by section foremen. He cannot get the information that

they call for, and therefore we do not feel that we should retain them
in the Manual.

Mr. Camp:—Does the Committee feel that better forms could be

presented for the same purpose ?

Mr. Layng:—The Committee has not given that any study, and I

am personally of the opinion that they could be developed and should

be developed.

Mr. Lindsay :—^I move you that the forms be referred to the Com-
mittee for reconsideration.

(Motion carried.)

Vice-President Stimson:—If there is no further discussion, the Com-
mittee will be relieved, with the thanks of the Association.



DISCUSSION ON STRESSES IN RAILROAD TRACK
(For Report, see pp. 215-216.)

(Vice-President Stimson in the Chair.)

Prof. A. N. Talbot (University of Illinois) :—The progress report

of the Committee on Stresses in Track is found on page 215, Bulletin 213.

The data of the tests referred to last year made on the Frisco

Railroad have been reduced. It has been found that at a speed of

fifty miles an hour (which seems to have been not an uncommon speed)

the stress in the rail under the main driver of the Santa Fe type of

locomotive was three and one-half to four times as great as the stress

at five miles an hour.

The stress in the rail under the Pacific type of locomotive ranged

from 60 to 70 per cent, more at a speed of 60 miles an hour than

the stress at five miles an hour.

Tests made on the Illinois Central during the summer with the

Mikado type of locomotive, showed that at 45 miles an hour, a speed

materially higher than is permitted on the road, stresses were developed

about twice as great as those at a speed of five miles an hour.

It is a rather significant and interesting fact that in all these cases the

trailer showed an increase in stress at about the time in the revolution

of the wheel which gave the highest stress under the main driver—that

is, when the counterweight of the main driver was up. There was a

rather marked effect of this lack of counterbalance upon the stress in

the rail under the trailer. A smaller effect of the same nature was

found under the truck wheels of the Illinois Central Mikado locomotive.

For the Santa Fe type locomotive the maximum effect under the drivers

other than the main driver was reached when the counterweights were

down.

Tests were also made on ties in the track to determine from the

flexure of the ties something of the bending stresses developed in the

tie and of the distribution of pressure upon the ballast along the length

of the tie. These results are promising, and while it is a very diffi-

cult matter to get very closely the bending moments and the distribu-

tion of pressure, it appears now that this is the best method and that

we shall have some information on these points. I can only say now

that the ordinary wooden cross-tie seems to be subjected to all kinds

of stress, to what may be called abuse, by bending in different directions.

As is stated in the report, the Committee was disappointed last

year in that the report came to the members just before the convention

without giving opportunity to study the report and to make a dis-

cussion. It is hoped that the members of the Association will now

discuss the subject. The Committee will particularly welcome sugges-

tions as to what has not been done and what should be done. We
realize that there are many problems which have not yet been touched

upon, and I hope we may have discussion on this matter.
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Mr. C. E. Lindsay (U. S. R. A.) :—I would like to ask the Com-
mittee if in their experiments they have used 8 by 8 ties ? and whether

thej' have considered the use of a 7 by 9 tie with the long axis,

vertically at the joint, with a view to increasing the dimensions of

the tie?

Prof. Talbot :—The Committee has used 6 by 8 ties and 7 by 9 ties

with the wide dimensions horizontal, but not 8 by 8. I think it has

not been developed so far that a greater vertical dimension would be

of advantage. There is nothing to indicate that a decrease in the

amount of bending would be of advantage to the track. It may be,

however, that it is desirable, and it would be an easy thing to test.

Mr. C. P. Howard (Interstate Commerce Commission) :— I would

like to ask Prof. Talbot if the increase in the static pressure developed

by these experiments does not coincide closely with what was found

to be the case in short spans of bridges.

Prof. Talbot :^I presume that the results would be much alike, but

the conditions are considerably different. In the case of the .short span

bridges there is another element entering, namely, the deflection of the

structure. If a bridge has a solid floor, it may be expected that the

condition then aside from the deflection on the structure will be much
the same as in the track.

Mr. W. M. Camp (Railway Review) :—In his introductory remarks
Prof. Talbot touched upon two or three matters that seemed to me to be

a very practical application of these stresses in the track. One was
the fact tliat where the end o.f a tic is not well supported by a bank
outside, the flexure is greater than it is where there is a good bank

to support the end of the tie and the ballast.

I should think another very practical study would be the economical

length of ties. I believe that in universal practice in the past that

matter has been determined largely by rule of thumb. Eight feet seems

to have been adopted as the standard length on the great majority of

roads. Nevertheless, some roads have used 9-ft. ties and many others

have used ties 8^ ft. long. There is, no doubt, an economical length

of tie.

Another question which comes up in that connection is in regard

to the weight of rail in relation to length of tie, and I think still

other matters of this character might be found, upon investigation.

•It seems to me that there would be no lack of opportunity for the

Committee to find practical application for these studies if they are

directed along workable lines.

Prof. Talbot:—The Committee has had in mind the study of the

effect of the length of tie upon the action of the track. The ties tested

on the Illinois Central are 8 ft. in length, and 8 ft. 6 in. in the tests

made on the Chicago, Milwaukee & St. Paul track. Perhaps other

tests should be made on longer lengths of tie. These tests should be

made some time after the tamping is done, because it is evident
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that the conditions to which the ties are subjected immediately after

tamping are far different from those prevailing after some time has

elapsed.

Vice-President Stimson :—If there is no further discussion, the

Committee is relieved, with the thanks of the Association for its

good w^ork.



DISCUSSION ON BUILDINGS
——

(For Report, see pp. 207-214.)

(Vice-President Stimson in the Chair.)

Mr. M. A. Long (Baltimore & Ohio) :—Your Committee on Build-

ings has held two meetings during the year and in addition to reviewing

the Manual, they concentrated on two items carried over from the year

!)efore. The first work was to give definitions of terms used in the

Manual and supplements thereto. These definitions are found on page

208, and thej' define terms that are already in the Manual or supplements.

I move that these be accepted and published in the Manual.

Mr. C. E. Lindsay (U. S. R. A.) :—I understand we have adopted

a rule not to discuss definitions from the floor, but I hope the editor

will look over these, as one or two changes in the definitions are desirable.

Vice-President Stimson :—Members may communicate their criticism

to the Committee.

(Motion carried.)

Mr. Long:—The Committee has decided to add an additional item

with reference to "Coaling Stations." There has been a great deal of

consideration given to the storage of coal, and a number of roads have

gone to much expense for mechanical equipments for the storage of coal.

The Committee considered at what point it would be economical for a

railroad to go to the expense of mechanical equipment.

(Mr. Long read the paragraph headed "Coaling Stations," page 209.)

Mr. Long:—I move that this matter be published in the Manual.

Mr. R. S. Parsons (Erie) :—I think the recommendation should be

modified somewhat, and made to read, "Unless said coal storage site

shall be in connection with an engine coaling plant." In many instances

if you use the same hopper for unloading the coal and practically the

same machinery to store the coal, providing you have the space—the

only additional expense is the cost of the reclaiming machinery which

in some cases is simple and inexpensive. That would be used for

quantities less than 75,000 tons, and could be used economically. The
coal is unloaded in the hopper and by the mere shifting of a lever the

flow of coal can be diverted from the coaling pockets to the storage

pile and there it can be cheaply reclaimed and put directly into the

hopper. We have some such plants on our line where, while the entire

coaling station is an expensive one, the additional expense of permitting

us to store some 30,000 tons of coal is very slight, the advantage of

being able to free cars and store what coal is not put immediately into

the coaling pockets and then reclaiming it from the storage pile is very

great—first, by releasing cars which is a desirable thing to do, and

secondly, by keeping at the coaling station an adequate supply of coal

so as to save the Transportation Department the difficult}^ of keeping

a large amount of coal in the yards to protect them in coaling the loco-

motives. This is especially true when the plant is located a distance

867



868 Buildings.

from the mines, and thirdly, the adxantage oi having the coal on hand

for use whenever you want it.

I agree with the Committee that it is not economical to put in a

storage plant for amounts less than the tonnage indicated, unless such

a plant can be located immediately at the site of the coaling pockets

where the coal can be handled from the separate pile into the locomotive

coaling pockets without any secondary loading in cars.

Mr. Long:—The Committee considered that point, but we did not have

any figures showing what the operating costs for coal would be. We
were told the cost would be about 25 cents a ton, which made it look

high, and we thought that we could reach the same end by recommending

a ditcher or locomotive crane which could store adjacent to the coaling

station; you can store a maximum of 20,000 tons, which could be reached

b}' a locomotive crane boom and taken from the storage pile and put

into the hopper of the coaling station; if you went beyond that

and installed a special device the Committee felt that approximately

75,000 tons then would be about where you ought to limit the use of a

locomotiA'C crane or ditcher and begin to put in a special device for

reclaiming the coal. The question is one of cost per ton handled.

Mr. Parsons :—We have four plants which have only been in opera-

tion a month or two. That is almost too short a time to determine what

can be done with this apparatus. I personally feel that the reclaiming

will not cost over five or six cents a ton from the storage pile.

Mr. R. H. Ford (Chicago, Rock Island & Pacific) :— I assume that

the Committee refers to a coaling station arranged with hoppers per-

mitting the use of center dump cars. If the plant is so arranged that,

if necessary, a temporary track can reach directly to the coal storage

pile, a locomotive crane can load, switch and place the cars at a cost

of approximately 10 cents a ton. The cost of twenty-five cents a ton as

suggested by the Committee seems excessive and would appear to suggest

a revision of local conditions.

Mr. Cong:—That cost figure is brought about by the investment in a

special plant for distributing coal to the storage pile and reclaiming it.

That may be exaggerated. Primarily, what we had in mind was, where

you had a storage pile which was less than 75,000 tons, you could not

afford the cost of a special storing and reclaiming machine, which would

not be used for any other work except for that particular purpose, and

the chances are you would not be using it very much of the time

during the day.

Mr. Ford :—Rock Island have stored coal at 29 different points over

the system during the past year, placing about 300,000 tons. The cost

for storage has varied from 6 to 45 cents a ton. The maximum unit

costs, of course, represent forced conditions brought about by the extra-

ordinary fuel situation and does not represent economy in coal storage,

although when the figures are analyzed it does afford an opportunit\'

for the comparison of methods for costs of storage. Our experience
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the past few years shows that a propelling crane of about 25 tons is

one of the most economical machines that can be used and especially

if it can be coupled with cleaning the cinder pits at terminal points.

Mr. Long:—This is a very interesting subject. We felt that 75,000

tons was a fairly good point to begin to consider special type of ap-

paratus. That is the particular point we had in mind.

(Mr. Long's motion carried.)

Mr. Long :—We recommend that the paragraph headed "Ashpits,"

on page 209, be added to the Manual, and in offering this would like

to say that there are one or two of these in operation—how successfully,

we are not prepared to state, because they have not been in service

long enough. Our road has installed one which we expect to have in

operation within the next week or ten days.

I move that this be adopted by the convention and published in the

Manual.

Mr. H. R. SafTord (U. S. R. A.) :— It seems to me that it is not

expedient to put this in the Manual. The Manual is recommended
practice, and I understand this is a comparatively new feature, that has

been tried out only to a limited extent.

Mr. Long:—That is correct.

Mr. Safiford:—It seems to me, therefore, that this feature of the

report ought to be received as information only.

Mr. Long:—The Committee is agreeable to that. I think it is well

to have definite figures as to operating cost, or some definite statement

as to its satisfactory operation before it goes in the Manual. We will

consider that and offer it as information.

Vice-President Stimson :—If there is no objection, the conventit)n

will accept it as information.

Mr. Long:—We would like to add to the Manual a paragraph with

reference to scales. A question came up in regard to the report that

is now in the Manual, stating that it did not cover scales for handling

baggage, and we offer this paragraph

:

"At terminal stations, where scales can be given proper attention

and where the volume of business will justify, dial scales are preferred

for weighing mail, baggage and express."

Mr. Lindsay raised the question as to why we preferred the dial

scale. That is simply because we can handle so much more over a dial

scale than over a beam scale, so t"hat we felt it was proper to recommend
the dial scale in preference to the beam scale. That requires a whole

lot of attention, but it is more efficient in the end.

Mr. Lindsay :—I take exception to the words "where scales can be

given proper attention." It intimates that sometimes scales are not

given proper attention, which is contrary to the principles of the Asso-

ciation.

Mr. Long:—That perhaps is true, but if we will stop to consider where
scales are installed, and the means of access to them, we will find that
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ihey arc usually rather dark, aud we arc told by the sanitary experts

that anything that is kept dark is not given proper attention.

(Mr. Long's motion carried.)

Mr. Long:—In Appendix B we report on design and merits of high

and low platforms at passenger stations. We recommend the following

two paragraphs for adoption and publication in the Manual, and the

remainder of the Appendix as information and publication in the Pro-

ceedings :

"On account of the existence of high platforms at important terminal
stations and the desirability of interchange of passenger equipment
throughout the country, the Committee suggests that the Association rec-

ommend to the Mechanical Section of the American Railroad Association
that all passenger equipment in the future be so constructed that it can be
used at either high or low platforms.

"It is recommended that high platforms be provided in connection
with tracks devoted exclusively to passenger business."

The Committee will withdraw the first paragraph and recommend
that the last one only be published in the Manual, and that the balance

of the report be published in the Proceedings as information.

(Motion as amended carried.)

Mr. Long:—We call attention to Appendix C, page 212, and reconj-

mend that the report be accepted and published in the Proceedings, and

that the conclusions on page 213 be published in the Manual.

Mr. Lindsay :—It has been my experience with both of these types

that the principal essential to the proper operation of either type is a

downspout of ample dimensions, durable material, and provided with

some means of cleaning it out and for thawing it out when it becomes

frozen. With such ample downspout arrangement and with such con-

veniences, the butterfly type is always preferable to the umbrella type.

Mr. Long:—That is the recommendation of the Committee, and that

is covered on page 212 of the report.

(Motion carried.)

Mr. Long:—In regard to the diagram on page 214, this is nol

submitted as a recommendation, but is presented principally to show
how far present practice deviates from the recommendations of the As-

sociation. If you will review it, it will give 30U a good idea as to

how far we are straying from the straight and narrow path, so to

speak.

Vice-President Stimson :—If there is no further discussion, the Com-
mittee will be relieved, with the thanks of the Association.



DISCUSSION ON BALLAST
fFor Report, see pp. 373-406.)

(Vice-President Stimson in the Chair.)

Mr. H. E. Hale (President's Conference Cotnmittee) :—There is a

diagram on page 377, giving an outUne of a proposed ballast gang. This

the Committee proposes to recommend this year to be put in the Manual.

Quite a number of different diagrams for ballast gangs were considered by

the Committee, and we got some very helpful suggestions from different

railroads.

On the bottom of page 376 are the conclusions. It is recommended

that this diagram be published in the Manual as representing good prac-

tice in the organization of the gang to raise track on new ballast under

normal conditions.

I move the adoption of that diagram as a guide.

Mr. J. E. Willoughby (Atlantic Coast Line) :—The diagram provides

for a force of 71 men, and for a total force of 11 men. That seems to be

a pretty large force. \\'e have obtained fairly good results from a

gang of 25 men. I do not know whether the Committee determined the

fact that 71 men would be an economical gang to work. I have no

objection to the report or to the diagram, if the Committee has ascer-

tained that the number given is the proper number, although I do not

think it would be altogether suitable for some sections of the country.

Mr. Hale :—The Committee could not obtain data giving the most

economical gang, largely due to the effect of dift'erent local conditions,

and the methods of accounting made the figures such that it was difficult

to compare them, but the Committee felt that this size gang was, in

their opinion, an economical gang, and further, they felt that it could be

reduced if it was desirable to do so. That is, it could be cut in half.

There are some parts of the gang which could not be cut in half, as

they are composed of odd numbers of men, but the same plan could be

followed in a general way with a smaller gang.

Mr. R. H. Ford (Chicago, Rock Island & Pacific) :—Is it the inten-

tion of the Committee to recommend a total force of 71 men, irrespective

of weight of rail, track or ballast ccinditions?

Mr. Hale:—We have made no difference as far as weight of rail

is concerned, but we feel that local conditions would vary the condi-

tions to some extent. The diagram is to be a guide or recommended
practice. Probably local conditions will affect it materially. The Com-
mittee also felt that probabh' the arrangements they propose could not

always be used ; that is, the same gang would be changed from week
to week or day to day.

Mr. Ford:—While the Committee has made considerable progress,

I believe the diagram to be misleading as it stands. Perhaps this might be

avoided if the title be changed to say, "A suggested diagram for a force

of 11 men." This would avoid the inference that a force of 11 men is

the proper force for raising track.
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Mr. Hale :—The Committee will accept a change in the title—a sug-

gested diagram is what the Committee really had in mind.

Vice-President Stimson :—The Chair would raise the point whether it

is desirable to place in the Manual a chart for a gang organization such

as this, or should not its adoption be deferred until it becomes a

number of a series.

Mr. Hale :—That question was considered, and the thought was that

there is no diagram whatever in the Manual now. The first ballast gang

I had was nothing but a mob, and this diagram would have been helpful

to me, to have had the ideas of the Ballast Committee as to what they

thought the organization should be. Then it may be changed to suit the

local conditions.

The suggestion of Chairman Stimson is in the' right direction, but in

the absence of any diagram in the Manual, the Committee would like to

see at least one diagram put there.

Mr. C. E. Lindsay (U. S. R. A.) :—The instructions to the Committee

were: "Report on methods and comparative cost of applying ballast,

giving special attention to the organization of the ballast gang." They

have merely taken the organization and reported on that, without giving

accompanying data of costs and methods. I believe one should not go

into the Manual without the other.

Mr. Hale:—The Committee made an endeavor to get costs without

much success. We appreciate the fact that the subject is not com-

pleted; that this is in the nature of a progress report, and we want

to carry it over. The Committee felt there were two separate proposi-

tions, "organization" and "cost." While they are related, they are dis-

tinct parts of the question referred to. The Committee felt they had at

least studied the subject enough to recommend one organization of a

ballast gang.

(Mr. Hale's motion carried.)

Mr. Hale:—There were two other subjects assigned to the Com-
mittee, referred to on page 378, "Study and report on design of gravel

washing plants" and "Study and report on design of stone crushing

plants."

Your Committee thought at first they could probably design a typical

l)]ant, but as soon as we started to design a plant, we were confronted

with the problem that the local conditions were so important that we
were unable to design anything alojig that line. After we found that

condition we thought possibly it would be most helpful to the Association

to pick out efficient plants which were in operation and give photographs

ur drawings sufficient to describe their operation, and if possible the

original cost and the cost of washing the gravel. Then any member of

the Association would have a plant before him which was not theoretical,

but an actual operating plant, which we would hope to describe clearly

and which we think would be the most helpful way of handling this

question. On pages 386-99 we have shown illustrations of such plants
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as we were able to get this year. We hope for better results in the

future.

Mr. Ford :—I hope the Board of Direction will instruct the Com-
mittee during the coming year to give more attention to the study. of

specifications for ballast as well as to specifications for its application.

I am sure a comprehensive stud}- in this direction is desirable. The con-

clusions in the Manual are of too general a character in important

particulars.

Mr. Hale:—We were able to get from Mr. Gushing, of the Penn-

sylvania Lines West, a copy of instructions for the cleaning of ballast.

The Committee thought thej- were interesting enough to bring to the

attention of the Association.

We were also able to obtain information in connection with rein-

forced concrete slabs "to assist the ballast in supporting the track on

soft spots." We are indebted to Mr. Bowser, of the Southern Railroad,

for a copy of his paper, which is given in our report, on page 395.

The Committee recommends that this be given to the Committee as one

of the subjects for further consideration.

Vice-President Stimson :—If there is no further discussion, the

Committee will be relieved, with the thanks of the Association.



DISCUSSION ON ROADWAY
(I'"or Heport, see pp. 150-11)2.)

(Vice-President Stimson in the Chair.)

Mr. W. P. WiUsee (Norfolk & Western) :—Five subjects were as-

signed to the Committee and we have reported on two of them. In connec-

tion with Subject 3, your Committee reported as information eight profiles

of specific instances of shrinkage of embankments on the Santa Fe Rail-

road, giving the percentage of material required to restore the several

embankments to their original width after a lapse of four years' time.

It is the intention of the Committee that these profiles be received as

information.

Mr. C. P. Howard (Interstate Commerce Commission) :—I would

like to call attention to the fact that on these profiles there is nothing

said about subsidence, and therefore we will assume that all the diminu-

tion in the size is shrinking and not subsidence.. I wonder if the Com-
mittee has found out whether any of the settling was due to subsidence,

and also if thej' made any efifort to find out how the embankment was

shaped toward the bottom. Frequently an embankment will have a slope

of 1.5 to 1, and then toward the end of the base it may go ofif into a

slope of 3 or 4 to 1, showing that the material has washed down.

I would like to ask the Committee whether they know how much
material in excavation it took to make the banks, and whether the banks

as finally shrunk were greater or less than the amount of material in

excavation.

Mr. Wiltsee :—I do not think those points were considered, but the

Committee will consider them this year.

Mr. R. H. 'Ford (Chicago, Rock Island & Pacific) :—Before these

profiles are received it should be noted that the amount of subsidence

shown is so small as to raise a question as to their correctness in this

particular.

Mr. Wiltsee :—This profile shows shrinking and not subsidence. The
subject of subsidence does not enter into it.

Mr. Ford :—I will substitute "shrinkage" for "subsidence"—it applies

in either case. It looks to me as if they should be carefully scrutinized

before they are published in our .Proceedings. The shrinkage of these

banks is much less than the experience of the average man.

Mr. W. H. Hoyt (Duluth, Missabe & Northern) :— It is important,

in publishing a matter of this kind, that it should be carefully designated

as to what it actually covers. These fills have been brought up to their

original level, as I understand it, by adding more material. Now, ap-

parently that provides not only for shrinking, but also for any subsidence

that may have occurred in these fills. As this question of subsidence and

shrinkage is an important one, and as these profiles do not show the

class of material and many other points that might have an important

bearing on the accurac^^ of the statements in the report, I do not think

we will be justified in publishing them.
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Mr. George H. Bremncr (Interstate Commerce Commission) :—It is

important to indicate the part of the country to which these profiles apply,

so that we would better understand the conditions surrounding them.

Mr. W. M. Camp (Railway Review) :—If the members will scrutinize

these profiles they will find some of the conditions under which these

banks were made. I understand Mr. Ford says that the shrinkage is

less than in some other cases. That may be due to the fact that the

banks were well made.

Mr. Ford:— I think these diagrams as prepared are incomplete and

are liable to be misconstrued. If they are to be presented they should

contain sufficient information to permit them to be intelligently used,

which is not the case at present.

Mr. John G. Sullivan (Canadian Pacific) :—We are discussing now a

subject which was well threshed out some years ago. I am inclined to

agree with Mr. Bremner that the conditions under which these profiles

were prepared should be carefully stated, and that they should be supple-

mented in this respect before they are published. We can appreciate

what will suit one case will not suit another, and for that reason the

information in connection with these profiles should be given in greater

detail.

Mr. Camp :—The local conditions under which the profiles were pre-

pared are given on page 413.

Mr. Sullivan:— I would not object to it if we had 25 or 30 examples

from varying parts of tlie countr}- under different conditions, but to give

one or two examples might be misleading.

Mr. Howard :— I think it should also be stated how the total yardage

compared with the excavation. It says, "To restore the embankment
to the original width." Does that mean the width at the top or the

width all the way down? I would also ask whether they have taken

into consideration the washed material from the bank which sometimes

accumulates at the bottom. More detail should be given.

Mr. J. L. Campbell (El Paso & Southwestern) :—These profiles should

be published in the Proceedings for what they are worth. Although

they may not be complete, the information given by them is better than

nothing.

Mr. Bremner:—These should go into the Proceedings, as Mr. Camp-
bell has stated, and we also should have some information as to how
much shrinkage was put on the original bank. It is customary for

Engineers to allow 10 per cent, or 5 per cent, in the original construction.

This may or may not have been done and w^e should have more informa-

tion than is given to enable us to use the data intelligently.

Mr. Ford:—The Committee is undertaking to deal with a rather

highly developed subject and they cannot be too careful in presenting data

on the subject-matter which will permit of misleading conclusions.

Vice-President Stimson:—The discussion will safeguard what the
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profiles cover, and will also serve as a guide for the future work of the

Committee along these lines.

(The motion, that the profiles be received as information, was

carried.)

Mr. Wiltsee:—On Subject 4, "prevention and cure of water pockets

in roadbed," your Committee submits a report on pages 411, 416-418.

The conclusions, beginning on page 416, are submitted for adoption and

publication in the Manual.

Mr. Sullivan:—I think that practically everything the Committee

has stated is thoroughly good practice. I would like to see them amplify,

if it is possible, one feature, and that is the crowning of the roadbed.

My experience has been that after we started crowning roadbeds we

were getting a great deal better results in countries where material will

hold water. There is some objection to it in a country where track is

laid in the frost, but that is offset by the benefit you derive from the

condition of the track afterwards.

One other feature that I should think might be added, although

it is hard to control, and that is the time at which you lay track. If you

lay track in the spring with the frost in the ground or just going, it

causes more trouble in forming a pocket after the track is laid than any

other one thing—the use of the grade before the track is laid by farmers,

using it as a general highway. Young Engineers should do all in their

power to keep the public from using roadbed in a new country before

the track is laid. They might also go to extra expense in delaying their

tracklaying if possible until such time as the frost is out of the ground.

Mr. Ford :—I think we all realize the force of what Mr. Sullivan

has said. There is, however, one thing to which he has not alluded and

which I do not see covered ; that is as an investment it is very often de-

sirable if a road can be graded a year previous to laying the rail and

left to weather. Interest on the money that is expended for grading and

letting it lay a year is often a good investment. Some of the paragraphs

which have been alluded to here may not be necessary, but I do not take

it that the Committee would make these obligatory, but are merely sug-

gestive of a method whereby the work can be done.

Mr. Camp :—I would like to emphasize another thing, and that is

the consolidating of roadbed with steam rollers or by other means. Of
course, in many cases, that is not practicable, but in some it is. We have

just been considering here embankments which settled out of place. The
settlement might have been far less, or perhaps negligible, if those em-

bankments could have been rolled or tramped down by teams as they

were built up. Although it is a matter of some expense to build em-

bankments in that manner it is also a matter of much expense to

rebuild these embankments up to grade after shrinkage takes place.

I realize that an embankment consolidated where a tile drain is

put in might not work verv' well. The drain might be thrown out of

joint, and in that manner the drainage would be obstructed. We have
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heard more about drainage in regard to track and roadbed construction,

perhaps, than any other one thing. The water to be drained from under

the track must come through the ballast. If the ballast becomes dirty,

so that the water will not go down through, then the only opportunity for

drainage is on top of the track. Unless the top of the roadbed is crowned

and has a slope to the exterior, the water which settles through the bal-

last will be held in pockets, and when so held it will do as much dam-

age as though there was no ditch at all. So this question of track

drainage, which is so important, and about wliich so much has been

said, depends upon the construction of the roadbed more than on any

other one thing.

Mr. Sullivan:—In regard to paragraph (F), "wet cuts of clay should

have sufficient crown to drain properly and the surface should be smooth.

Any backfilling necessary to make a smooth surface should be made
of the same material as removed, if at all porous, otherwise backfill

with cinders"—it is just as important on a fill, or more important.

Mr. Wiitsee :—If we substitute the words, "all roadbed should have

sufficient crown"; would that be satisfactory?

Mr. Sullivan :—I think that would be a help.

Mr. Wiitsee:—We will make that change.

Mr. Sullivan :

—"And it should be maintained in this condition until

ballast is placed on it."

Vice-President Stimson :—The paragraph will then read : "All road-

beds should have sufficient crown to drain properly, and the surface

should be smooth, and maintained in this condition until ballast is

placed." The last word in the paragraph is changed from "cut" to

"roadbed."

Mr. Baldridge :—It seems to me that Article (E), on page 417, should

be made to agree with Article (A), on page 418. The object is exactly the

same. Article (E) does not provide for covering pipe with positively

porous material, and I would suggest that both articles be made to read:

"All pipe should be covered 12 inches or more with engine cinders or

equallj' porous material, and then the trench be backfilled with the same

material as removed, if at all porous," and so forth.

Mr. Wiitsee :—The Committee will accept that amendment.

Mr. C. E. Lindsay (U. S. R. A.) :—There has been one feature that

has not been touched upon which I think is equally important as an^

that have been, and that is the raising of the shoulders necessitated by the

bank's subsidence or shrinkage. It is often the practice to raise those

shoulders with material that is impervious to water, and the identical

clay from which the embankment has been made is piled up there along-

side, and prevents the escape of the water laterally. Any material de-

posited upon the banks for the purpose of raising the shoulders to the

proper relation with the base of rail should be material that will permit

of the escape of water.

Mr. Wiitsee:—Is not that covered in paragraph (G) ?
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Mr. Lindsay :—^That is in building new roadbed. I took that to mean
additional tracks.

Mr. J. L. Campbell (El Paso & Southwestern) :—It would be inter-

esting to know how many members of the Association believe they can

build and maintain roadbed until the track is laid and ballasted and the

desired drainage secured according to these specifications. I have no

objections to these specifications. I agree to everything in them, but I

have never been able to build a roadbed attaining the purpose of the speci-

fication. I have tried it on Missouri mud. However, if all who may con-

sult this specification if it enters the Manual understand the difficulty of

attaining the specified result and that failure to do so is likely, very well.

I raise the question of the practicability of the specification in much of

its detail.

Mr. W. H. Courtenay (Louisville & Nashville) :—As I have stated to

this Association before, in building a railroad it is impossible or im-

practicable to tell in advance what shrinkage to arrange for in the height

of an embankment so as to bring the grade right when the line is in good

working order. The right way to provide for that is to make allowance

in width for what it is thought the shrinkage will be. A rock fill will

shrink less than an earth fill. When fills are partly of earth and party of

rock it is difficult to estimate the shrinkage.

There is no doubt that all these methods are theoretical. They would

be admirable if they could be accomplished, but the directors who author-

ize the building of the railroad want to get the benefit of the expenditure

as soon as possible. Track has been laid in the wintertime in order to

get the quickest return on the capital invested. These conditions have

to be met in some way, and the Engineer is forced to meet them in the

easiest way. No corporation would stand for the gigantic expense of

building enormous fills in layers and rolling every layer, which is the best

way of building them. These methods are most admirable, but in the

hurry-up work that is being done nowadays, methods of that kind are

impracticable.

Mr. John G. Sullivan (Canadian Pacific) :—I agree in general with

Mr. Campbell and Mr. Courtenay, that a great many of these things are

difficult to carry out, but I have had something to do with construction,

and I know the great amount of work that has been done by this Com-
mittee, and I believe the Committee ought to be complimented upon get-

ting pretty near to what we ought to do.

Mr. J. L. Campbell :—There is much in this statement which, I be-

lieve, should go into the Manual immediately, but it is so interwoven with

the theoretical part that it would be difficult for the Association to at-

tempt a separation now. Would the Committee be willing to defer in-

clusion in the Manual and carry the subject over for another year, study-

ing it with special reference to the practicability of doing the things

specified?

Mr. E. A. Frink (Seaboard Air Line) :—Two possible causes for trou-

ble I do not see mentioned here. One is the practice of building fills from
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a trestle and dumping the earth on each side, with the result that it slopes

in and forms channels and the water runs in the center. The other is

the practice that I have seen of providing for possible shrinkage by pil-

ing the surplus dirt along each side of the fill on the shoulder, and it

forms on each side of the track a trough that holds the water. It does

not seem to me that the remedy the Committee suggests on page 418 is

sufficient. It seems to me that pockets of that nature should be cured

by excavating to a sufficient depth and covering it with impervious ma-

terial.

About this report in general, I think it is a most excellent report.

Perhaps it is ideal in some features, but it seems to me what this Associa-

tion wants is the ideal. It does not mean that because we put the ideal

in our Manual that we say we must live up to it, but that we want

to live up to it as nearly as we can. I think that is what the Committee

wants, and I think the report should go into the Manual as it stands with

the single exception of paragraph (E), No. 8.

Mr. R. H. Ford (Chicago, Rock Island & Pacific) :—The report is

good, but a few additions and perhaps a little more matureness of thought

in some of the paragraphs will make it excellent. I hope the Committee

will be willing to consider it as a progress report and make a final report

next year.

Vice-President Stimson:—If it is in order, the Presiding Officer would

like to say something with reference to accepting this report as informa-

tion. The Committee has ofTered it for adoption and publication in the

Manual. That is the only real material recognition that a Committee gets

for its work. I do not doubt but what the Committee has worked very

hard on this particular subject, and if what the last speaker proposed is

followed, they will feel as though their labors were in vain. Therefore,

in voting, the Chair suggests that that be taken into consideration.

Mr. Ford :—-This discussion so far has brought out several things

which the Committee would have been unable to obtain in any other way;
now, if I get the Chairman's remarks correctly, it is in effect that the dis-

cussions should be merely incidental to a practical adoption of the Com-
mittee's report thereon, because if not agreed to, the Committee in ques-

tion would feel that their work was not being appreciated. This would,

indeed, be unfortunate. What is wanted, I believe, is constructive discus-

tion on reports. Their value comes, I am sure, from the presentation of the

conclusions of the Committee plus the discussions when made to the point.

If our Committee can review a report of progress in the light of these

annual discussions, the following year the information may be ready for

the Manual.

Mr. Camp :—I call attention to the fact that what goes into the Man-
ual is not necessarily matter in final form, and I think the report of this

Committee is so excellent that it should go into the Manual. This dis-

cussion has not suggested any improvement of the language of the re-

port, except in one case, where a slight revision was made. It seems to

me that the report has set a standard which we should try to live up to, and
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I therefore think the fact that it might, perchance, be revised at some

future time should be nothing in the way of adopting it for the Manual

at the present time.

Mr. A. S. Baldwin (Illinois Central) :—It is very discouraging to a

Committee to submit a report of this kind, and not secure publication. I

am quite sure that a number of years ago when I was doing such work,

such information as is given in this report would have been very valuable.

We cannot expect to have a perfect report under any conditions, and,

therefore, I would like to see this report included, just as it is, in the

Manual.

Mr. J. L. Campbell :—One of the reasons suggested for inclusion in the

Manual is that in some respects the report is ideal. I believe it would be

a mistake if this Association conceived the idea that it is an organization

for the purpose of dealing in idealism. This Association is organized for

the purpose of considering practical things and producing a Manual of

practical recommended practice.

Mr. iFrink :—^There is a great deal of difference in the meaning of

"ideal" and "idealism." Idealism is something probably ethereal, beyond

the reach of mere man. An ideal is an entirely diiiferent thing. An
ideal is something that you have before you, it is the best practice, the

best thing you can get, a thing that you think should be done. That is the

way I used the word "ideal" in speaking of this report. I believe this re-

port comes pretty near being an ideal report for this subject. I do not

think there is any idealism in it.

(Mr. Wiltsee's motion was put and carried.)

Vice-President Stimson :—If there is no further discussion, the Com-
mittee is relieved, with the thanks of the Association, for their very ex-

cellent work.



DISCUSSION ON RAIL
(For Repoi't, see pp. 445-647.)

(Vice-President Stimson in the Chair.)

Mr. G. J. Ra}- (U. S. R. A.) :—The first subject assigned the Rail

Committee, "Revision of Manual," is reported on on page 446, Bulletin 214.

It is the recommendation of the Committee that the revised Specifica-

tions for Steel Rails, submitted with this report, be printed, in the Pro-

ceedings for consideration and discussion during the coming year.

I want to ask the Chair to grant rail manufacturers the privilege of

the floor, if the}- desire to discuss this matter at the present time.

In order to get it before the meeting, I move you that these revised

specifications be accepted and published as information and for discussion.

Vice-President Stimson :—If there are any Rail Manufacturers present

who wish to discuss this question, we will be glad to hear from them.

Mr. F. A. Weymouth:—As Secretan.- of the Manufacturers Rail Com-
mittee, I have been asked to present this

:

"To the American Railway Engineering Association:

"The Manufacturers have had no opportunity to properly consider the

requirements given in this specification. They understand, however, from

Recommendation (2), page 453, of the report of the Rail Committee, that

these specifications, as presented, are to be considered as a study only and
not as practical specifications to be used for commercial purposes.

"It seems that in order to bring the rail specification into a practical

form which can be used by railroads in contracting for their rail require-

ments, it will be highly desirable for the Rail Committee to have a con-

sultation with the Rail Manufacturers."

Mr. Ray :—Permit me to say that it is the intention of the Rail Com-
mittee to ask the manufacturers to meet the Rail Committee at a meeting

probably in the very near future. I do not know just when that will be,

but not until- after our next regular Rail Committee meeting. We want
the specifications published and we want to bring them before the Asso-

ciation now, in order that we may have a thorough discussion, and every-

body will understand the importance of what we are putting before 30U.

If you cannot discus* the subject now because you do not know where

you stand on it, do not go home and forget about it, but send the Rail

Committee a written discussion. We will be glad to get that, and I assure

the manufacturers that we will give them ample opportunity to shoot at

this specification all they like.

Mr. C. E. Lindsay (U. S. R. A.) :—I would like to ask if it would not

be advisable to have an article in the specification providing for a tensile

test of the lateral strength of the rail. It was disclosed last night in the

lecture that there are no tests of that kind, and that the rail was weak
laterally. Could there be any specification that would disclose that thing

certainly?

881
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Mr. Ray:—Mr. Lindsay, you mean to take a section of the rail head

and pull it for tensile strength? What would your proposition be—to ac-

cept rail on such a test, or just for information?

Mr. Lindsay:—I thought perhaps it might develop weaknesses in the

rail that might wan-ant its rejection.

Mr. Ray:—The difficulty is, we must be careful not to encumber our

specifications on which we accept rail with any provision which makes

it an impracticable proposition from the manufacturer's standpoint. From

the standpoint of information, I think a good many tests, such as you

suggest, have already been made for the purpose of studying a particular

rail or a particular heat. I am sure that these rails which we have all

been troubled with in the last nine or ten years, failing from ti-ansverse

fissures, have been tested in every conceivable way. Certainly we could

not put such a clause in the specifications and expect the manufacturer

to hold the steel at the mill until they were turned down and tested.

Mr. E. A. Frink (Seaboard Air Line) :—Mr. Chairman, on page 455,

clause (C), I would suggest that this be changed to read:

"On request of the inspector, the manufacturer shall furnish one-half

of the sample drilling from the ladle test ingots for check analyses."

Mr. Ray:—I think the Committee will probably be willing to accept

that suggestion. It has already been mentioned since the specifications

were drawn, and it will be taken into consideration.

Mr. John G. Sullivan (Canadian Pacific) :—I ask if the Committee

has ever studied the question of a U-rail. I have an idea if we draw the

rail in the shape of a U, a pipe will not have a bad effect as in the case of

a girder rail ; a U-rail is well adapted to carry a vertical load, and better

adapted to take the strains the rail is subjected to than an I-beam. I

had authority to try out a mile or so of U-rail, but I was up against the

question of getting a proper joint. I think if we could get a proper joint

for the U-rail, we would get away from a great many of our troubles.

Mr. Ray:—Some of the members of the Association may know

whether this question has been up in the past as a committee subject. I

do not remember that it has ever been before the Association. It has

been talked of, and Mr. Lindenthal gave a discussion on the subject before

the New York Railroad Club some five or six years ago, and several mem-

bers of the Rail Committee were there to discuss, that paper. None of

those discussions were in any way favorable to the proposition, as I

remember them.

There are a good many reasons why it is a difficult matter to work

out, but it is something that might be considered. In talking with Mr.

Lindenthal after the meeting he suggested that we might make the frogs

and switches out of the ordinary T-rail and use the U-rail outside.

Vice-President Stimson :—The motion is that the revised Specifica-

tions for Steel Rails submitted with the report be printed in the Proceed-

ings for consideration and discussion during the coming year.

(Motion carried.)
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Mr. Ray:—Subject 5, assigned to the Committee, is as follows: "Make
critical study of joint bars from the standpoint of design and material,

together with laboratory tests, including strain-gage measurements after

having established a uniform method of comparative testing."

The Committee asks that the Association adopt the method of testing

rail joints submitted with this report, and include it in the Manual. This

will be found on page 463, Appendix B.

I will ask the Secretary to read the proposed standard test for rail

joints, section by section, and if there is any criticism we will have it

after he finishes the reading.

(Mr. Wickhorst read the matter on page 463.)

Mr. Ray:—In order to get this question before the house, I move
you that the proposed matter be adopted by the Association and printed

in the Manual.

Mr. Lindsay :—I do not know what is meant by "transverse load"

under "general assemblj-." And I also feel that the length of rail should

be specified. You would get different results if you use a full 33-ft. rail.

Mr. H. B. MacFarland (Santa Fe) :—The transverse load refers to

the load or application in a vertical direction. You possibly had in mind

that it should be in a horizontal direction?

Mr. Lindsay :—One would gather from the word "transverse" that you

set the rail either head up or head down, and apply the load transversely.

Mr. MacFarland :—I believe the Committee would be willing to make
that read "Vertical Load." As to the length of the test piece, the test

piece should extend over the bar six inches, and the length of it is not

limited in this specification.

Mr. Baldridge :—I found in examination of failed joints that there is

an idea among trackmen at least, that a good many joint failures, where

the failure is in the head of the bar, are started by the wire edge on the

under side of the head of the rail at the end. In the matter of testing,

it might be advisable to provide for the underside of the head of the

rail at the end to be rounded off slightly, before the joint is assembled

for the test. I believe I am safe in saying that not more than one-half

of one per cent, of the joint failures start at the bottom of the joint;

almost invariably the failure begins at the top. It is a well-known law

of physics that "For a body at rest to remain at rest, it must have no

forces acting on it or it must have equal opposing forces acting on it."

For a railway rail to remain at rest there must be an upward force equal

to the load on top of the rail. That is a feature which is always ignored

In- the usual divinely inspired inventor of rail joints, whom most of us

have run across now and then, who consider that the entire load and

strain is a downward one, and I have wondered whether it would not be

a matter worth while In making a test of a rail joint to support it head

downward on supports spaced about as far apart as a pair of engine

drivers and apply the load at two points, spaced about as the joint ties

would be spaced.



884 Rail.

That may be one of the freak forms of test which you have ruled out

on the next page, but I would like to ask if that would not give some

information as to why we get joint failures almost always at the top.

Mr. MacFarland:—It is not practicable, on account of there not being

testing machines of various types throughout the country to take care of

such a test. That would have to be a special test. The rounding off of

the edges of the rails underneath to a common radius of 1/6 or }i in.

would not be justified in a test of this kind. The edges should be square

and not rounded off, but, of course, should not have a featheredge.

Mr. Baldridge :—One reason I suggested the rounding off of the lower

edge is that I think it would pay to have a man with a file to take off the

featheredge on the lower side of the head of the rail at the end.

Mr. Ray :—As a matter of mformation, I believe the trouble Mr.

Baldridge speaks of can be overcome in an easier way by making some

provision in the angle bar. This has already been done, and tests arc

under way at the present time.

There is no question but what a lot of angle bar failures do start

at the center, primarily because they arc nicked by the rail. Even though

the burr from the end of the rail is carefully smoothed off, the very sharp

knife edge of the rail ends are just about as apt to cause trouble with

the angle bar, especially if the track is not kept up in the best possible

way. This condition cannot be overcome A'ery well without rounding off

the edge of the rail. Possibly provision can be better made in the angle

bar if really necessary.

Mr. Baldridge :—I seriously doubt whether a depression in the angle

bar is advisable at that point, as it would be weakening the angle bar at

the critical point, and I think it would be much better to provide the

remedy by, in some manner, rounding off the rail.

Mr. Ray:—If the gentleman will send to the Committee suggestions

along that line we will consider them, but it is not a question connected

with the standard test for rail joints.

Vice-President Stimson :—The motion before the convention is that

the method for testing rail joints submitted with this report be adopted

and included in the Manual.

(Motion carried,)

Mr. Ray:—In connection with Subject 7, I want tu call the attention

of the Association to the data given on page 447, headed "Special Investi-

gations."

(Mr. Ray then read from this section of the report.)

Mr. Ray:—It is well for the Association to bear this matter in mind,
and any information that can be given that will either substantiate that

argument or will change the conclusions will be much appreciated.

In connection with the subject of "Rail Failure Statistics," on page
446 is given a summary which indicates that the rail failures are falling

off, as we are glad to see. It is possible that the results on account of

increasing the amount of tonnage from reheated blooms is having a good
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effect. It maj- not have anything material to do with the statement given

on page 446, but it is possible that it has.

The report on "Quick Bend Test for Rail" is on page 591. This

describes the hydraulic bending apparatus, and gives the result of some

comparisons with the drop test.

We also include Appendix I as a report on transverse fissures.

(Mr. Ray then made some quotations from Appendix I, and also out-

lined the data on Subjects 4, page 448, and 7 on page 451.)

Mr. Ray :—At the time the Rail report was gotten out, the report of

the Sub-Committee on Subject 7, on "Intensity of Pressure Due to Wheel

Loads and Resistance of Rail Steel to Crushing and Deformation," had

not been received. Since that time it has been received, but the chairman

of the Sub-Committee is not here and he requested Mr. Bronson to say

a few words. I will ask him to tell you what has been done.

Mr. C. B. Bronson (New York Central) :—Some experiments on in-

tensity of pressure and resistance of rail steel to crushing and defor-

mation were reported and submitted by this Committee to the conven-

tion last year. (See Report to Rail Committee No. 69.) It was a pre-

liminary and progress report only. During the past year the work has

been continued and brought to a close. The experimental work was con-

ducted on two five-foot pieces of rail of the 100-lb. P.S. section, which

was normal both in composition and physical properties. Horizontal holes

were drilled across the rail head, starting at ^-inch from the top, and

varying in steps of 1/16-inch to a depth of ^-inch, a total of five holes.

The rails were placed in a reciprocating machine, and subjected to experi-

mental loads from 15,000 to 30,000 lbs. in one case, and 30,000 and 35,000

lbs. in the other; the total number of passes being over 200,000 per rail.

The distortion and size of the holes were determined at intervals, but

the changes noted were slight, although greater when the initial load was

30,000 lbs.

At the completion of this preliminary rolling, it was decided to place

these short rail lengths in regular service on the freight tracks of the

Pennsylvania Railroad near Altoona station. The rails remained in serv-

ice two weeks, and \vere then removed after having carried 427,000 tons

of traffic. Decided closure of the holes occurred near the gage side, and

was so great that plug gages had to be designed to obtain the measure-

ments of the distorted and constricted holes. The rails were given an-

other two weeks' service test at the same location under similar traffic

conditions, and upon removal it was found that all holes even at a depth

of 5^-inch from the top service of the rail had entirely closed on the gage

side for, a distance of about ^-inch. The distortion and shape of the

holes could only be determined by milling out the closed portion of each

hole, until a measurable opening was secured. Successive longitudinal

cuts were then taken to determine the shape of the holes as they tapered

off towards the outside of the head.

A series of photomicrographs were obtained to indicate the amount
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and distance in from the gage side that distortion of the grain structure

had occurred. This was found to extend inward a distance of about one

and one-half inches for the holes at ^-inch depth. It was also found

that slippage had occurred in the grains in a direction transverse to the

holes along the longitudinal axis, while the adjacent solid metal showed

no evidence whatever of any distortion or slippage in the grain structure.

The character of the traffic over these test rails was principally heavy

tonnage in 70-ton capacity cars and wheel -loads on the locomotive drivers

up to 35,000 lbs. The contours of the wheels passing over the rails were

diversified, and consequently uniform bearing was not obtained. The con-

tour of each rail head was badly distorted on the gage side.

Dr. P. H. Dudley also conducted a series of tests to determine the

areas of contact between wheels and rail heads under actual conditions of

service. Thin strips of copper sheet of 0.0015-inch thickness were used

to obtain the impressions, and were placed between the wheel and rail

when the wheel was jacked up, then dropped upon the copper strip, and

again raised. The impression of the actual contact remained upon the

copper strip and was ver^- clear and easily measurable.

One test was made with a Pacific type locomotive whose contours

were in fair condition, and lOO-lli. rails, the heads of which were badly

distorted on the gage side and built up, square on the outside corner.

They had been in service for a ten-year period. Contacts were taken for

all wheels on both sides of the locomotive, and the average intensity of

pressure per square inch was found to be 82,150 lbs.

A second test was made on rails of 105-lb. section which had been in

service for eight months, and a Pacific type locomotive whose wheel con-

tours were in good condition. The average intensity of pressure in this

case was only 57,425 lbs., which is 43 per cent, lower than was secured in

the first test. This shows conclusive!}' what can be secured by wheels in

good condition and rail heads which have not been severely distorted.

The conclusions of the report will not be given at the present time,

but simply the outline of the work which has been carried out. The find-

ings of the Committee will be reported at a later date.

Vice-President Stimson :—In excusing this Committee witli the thanks

of the Association, the Chair will ask the members to send to the Com-
mittee any data they may have on this subject.

DISCUSSION ON "TRANSVERSE FISSURES"

Mr. James E. Howard (Interstate Commerce Commission) :—The
term "Transverse Fis.sure" was applied to a type of fracture which made
its appearance in a rail tliat caused a disastrous wreck on the Lehigh
Valley Railroad in tlie year 1911.

The fracture started in the head of the rail. It was progressive in

its character, the result evidently of repeated stresses in the track, and
was therefore, by definition, a fatigue fracture. The peculiarity of the

fracture consisted of its having an interior origin, the nucleus of which
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was located on the gage side of the head. Its interior origin was ex-

plainable l)y reason of the presence of cold rolling strains introduced

into the head of the rail hy the action' of the wheel pressures. Internal

strains of compression are imparted to the metal immediately below the

running surface of the head, while the metal next below is put into a

state of tension.

The nucleus of a transverse fissure is located in the zone of metal

which the wheel pressures have put into a state of longitudinal tension.

Under the influence of repeated stresses the transverse fissure extends

and may separate the greater part of the head before the final fracture

of the rail occurs. No common structural nor chemical reason has, up

to the present time, been identified as the cause of the incipient rupture.

No common metallurgical cause is necessary in fatigue fractures, since

all steels are breakable.

The nucleus of the transverse fissure usually presents the silky ap-

pearance which is so much admired in specimens fractured in the testing

machine, in that case indicative of a gradual separation of the metal. The
extension of the fissure has smooth surfaces, with a silvery luster, a

burnishing effect caused by the opposite surfaces hammering against each

other as the stresses in the head are reversed under wheel loads. When
the fissure has extended and reached the periphery of the head, air is

admitted, and the silvery surface becomes darkened.

In regard to the magnitude of the cold rolling stresses introduced

by wheel pressure; compressive stresses very commonly reach 20,000 lbs.

per square inch, while those of tension range from 5,000 to 8,000 lbs.

per square inch, representing permanent stresses in plus and minus direc-

tions of 25,000 to 28,000 lbs. per square inch; stresses which exceed those

which engineering practice sanctions in other structural members.

Internal strains are soon acquired by the rails after they reach the

track, which they retain, subject to modifications by bending stresses when
wheel loads are directly upon them.

The cold rolling action of the wheels cause crosswise as well as

longitudinal strains in the head of the rail, each tending toward final

rupture ef the steel. On account of the laminated structure in practically

all rolled shapes, together with the lesser buttressing resistance of the

rail head in a crosswise direction, lateral strains frequenth' cause in-

cipient cracks or seams which follow the length of the rail. Shearing

strains necessarily accompany those of tension and compression and play

their part in promoting rupture of the steel.

This brief review enumerates some of the conditions which are

present and affect steel rails, the consideration of which opens the way
for a probable explanation of the behavior of the steel in the central zone

of the head when subjected to the action of strong solvents.

Provided incipient cracks are formed, then treatment with an acid

solvent should bring them into prominent view. If perchance the cracks

thus disclosed are found to occupy a definite part of the rail, to the

practical exclusion of other parts of its cross-section, it would appear
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a reasonable inference that a relation exists, in the nature of cause and

effect, between such cracks, which deep etching exaggerates, and the

conditions which affect this particular zone of the rail head.

The lantern slides which have been presented and cuts illustrating

the appearance of deeply etched surfaces of rails, which have displayed

transverse fissures, are of great interest. Should they not be accepted

as promising contributions which further direct attention to such condi-

tions as may lead to the development of certain types of rail failures,

prominent among which are transverse fissures.



DISCUSSION ON IRON AND STEEL STRUCTURES
(For Kepoit. see pp. 649-694.)

(Vice-President Stimson in the Chair.)

Mr. O. E. Selby (Cleveland, Cincinnati, Chicago & St. Louis) :—

I

will begin the reading of the material part of the report in the middle

of page 650.

"The Association's General Specifications for Steel Railway- Bridges

were adopted in 1906, and are printed in the Manual, pp. 482 to 505,

inclusive. The Specifications for Erection were adopted in 1912 and are

printed in the Manual, pp. 508 to 513, inclusive.

"The revised specifications (Appendix A to this report) are sub-

mitted by 3'our Committee as a conclusion to be printed in the Manual

in place of the specifications referred to above."

I am going to move the adoption of this conclusion. The Committee

and the Association are confronted with conflicting conditions, however.

The Secretary tells me there is a great demand for these specifications

for steel bridges. He is constantly called on to furnish copies that are

used extensively throughout the country and throughout the world. It

has become known, of course, that they are under revision, and naturally

people who want to use the specifications will demand the latest revision.

For that reason we ought to have the specifications as revised, adopted

in form to promulgate. Furthermore, there is every probability that

the Engineering Section of the American Railroad Association will,

under the relations newly established, be calling upon this Association

through this Committee for specifications for purchase for the use of

the United States Railroad Administration. We ascertained yesterday,

in connection with the subject of track scales, that when the Administra-

tion wants an3-thing, it wants it quickly and wants action on it. That

is another reason why we should be able to produce at the proper time

a revised and up-to-date set of specifications for steel railway bridges.

On the other hand, there is the unfortunate fact that the Bulletin was

issued onh^ a few days before the convention, and has not been in the

hands of the members long enough for proper studj^ and consideration.

I know that a great many of the members outside of the Committee

are anxious to discuss these specifications, and of course we are depend-

ing upon their suggestions. These are some of the reasons why possibly

the specifications should be amended or referred back or printed as in-

formation or some other course taken, before their adoption and

printing in the Manual, but in any case it is the desire of the Committee

that they be discussed. We cannot improve the specifications unless

we know what is the matter with them, if anything is the matter with

them.

I will therefore move in behalf of the Committee the adoption of

the conclusion, which includes the specifications printed beginning on

page 653 and extending to page 694.

889
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Mr. W. H. Courtcnay (Louisville & Nashville) :—Is there to be any

discussion before the convention of these specifications? It would be

a pretty heavy undertaking to go through them item by item.

Vice-President Stimson :—Discussion is invited, but I suggest that

the Chairman of the Committee point out briefly the principal differences

from the old specifications, and discussion be brought out in that manner.

Mr. Courtenay:—In paragraph 38 (c), the wind stresses^seem to be

omitted as an application of live load. It refers to the lateral force on

curves, but the wind gives a lateral force on straight track. Is that

intentional?

Mr. Selby:—The wind force is not omitted, it is given another

name, "Lateral Force," because of the recognition of the fact that wind

is only one of the forces, for which the lateral bracing of the bridge

has to be designed.

Mr. Courtenay:—Admitting that, then, why do you limit it to curves?

We have lateral forces on straight track.

Mr. Selby:—It is not limited to curves. The centrifugal force is

defined as a lateral force on curves, but the "lateral forces" are given

their proper place in paragraph 32, that is, what ordinarily has been

called the "Wind Force."

Mr. F. E. Schall (Lehigh Valley) :—This Bulletin 215 reached me
late on March ISth, and in looking over it generally I find that the old

specifications adopted b}^ this Association have 163 paragraphs, while

the new specifications submitted have 317 paragraphs.

It is impossible to form a correct idea of the effect of the great

number of changes that were made in the new specifications as compared

with the old ones, bearing on the sections of metal required and the

design of bridges, without making a thorough investigation.

I have examined a few of the formulas changed, but, in order

to be sure as to the position taken by the Committee in changing the

composition of the formulas for compression members, impact require-

ments, etc., it will not suffice to read the specifications ; it requires an

analysis of the matter, to ascertain the effect the changes made will have

on the general practice of designing bridges heretofore used. Do we
obtain a stronger and better bridge in every respect than was obtained

l)y the use of the specifications adopted heretofore?

I am afraid, if these specifications should go into the Manual with-

out proper investigation and discussion, it would be regretted ; it seems

to me that some parts will have to be changed before they can be

adopted.

I hope that if the specifications have to be issued by the Association

before the regular adoption, that such copies be marked on the face of

the cover as "Tentative Specifications," and that the report of the

Committee be received as a progress report, giving the members an

opportunity during the year to study the specifications and communicate

their ideas to the Committee.
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I move an anicndincnt to liu- motion of tlic Committee to the effect

that the specifications he discussed on the floor as much as can be under

the circumstances, and that the rest be liandled by correspondence with

the Committee and the whole matter laid over until the next annual

meeting; if there is urgency to have same issued, they can be marked

"Tentative Specifications."

Mr. Selb}-;—According to the suggestion of the Chairman, I might

give briefly the features in which the specifications proposed dififer from

the old ones. In the first place, thej- have been greatly amplified, as pointed

out bj- Air. Schall, and the number of paragraphs has been about doubled.

The amplification consists largely in parts covering workmanship and

details of design. Those parts are not adequately covered in the old

specifications. Specifications for Erection have been added, so that the

separate specifications for Fabrication and Erection, which the Asso-

ciation adopted at different times, have been combined into one com-

plete set.

In the matter of loads, there has been no change in the form of the

loading, but we have specified E-60 loading as the minimum.

In the matter of the basic unit stress in tension, there is no change;

it remains 16,000 lbs.

In the Column formula there is a change. We have introduced

a Parabolic Column formula Avhich is not self-limiting, and which has

many advantages over the straight-line formula in use in the old

specifications.

The Impact formula is the one adopted by the convention a year

ago. The clearance diagram is the general clearance diagram adopted

bj' the convention two years ago.

Those are the principal features that I think of which have been

changed radically. Aside from that, however, a great many details have

been amplified and some have been changed.

Mr. J. J. Yates (Central Railroad of New Jersey) :—Were the speci-

fications for percentages of live load, when two, three or four tracks arc

simultaneously loaded, as given in paragraph 22, adopted and approved

at the same time as the formula for impact in paragraph 28?

Mr. Selby :—The provision in paragraph 22 for reduction of load on

multiple track bridges, in combination with the revised impact formula,

gives surprisingly parallel results with the former provision for multiple

track bridges in connection with the former impact formula. One of

the members of the Committee has worked that out, and tells me that

the results are surprisingly close.

Mr. Yates :—I have in mind comparing the old and new formulas for

impact, based on a span of 100 ft. The impact by either formula is prac-

tically the same for a single-track bridge, but for a two-track bridge the

impact on the center girder by the new formula would be 70 per cent.,

while by the old formula it would be about 60 per cent.

Mr. Selby:—It should be borne in mind that the provision for rcduc-
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tion of loads in paragraph 22 is not an impact formula. It has nothing

to do with impact. It is based on the theory of the lack of probability

of the maximum load occurring; or, I might say, the infrequency of the

occurrence of the maximum load on both tracks at the same time.

Mr. Yates :—Our general experience with bridges is that the floors

are light, and that the girders are about right. In this particular case,

I believe you are increasing the floors and the girders in about the same

ratio. If a larger reduction of load, say 10 per cent., was permitted for

the center between track girder, you would increase the strength of the

floor over the present specifications, but would not increase the strength

of the girder to any great extent.

Mr. Selby :—There has not been any studied purpose of the Com-

mittee to increase the weight or strength of the bridges. My own im-

pression without a detailed investigation is that the provisions of para-

graph 22 will give somewhat lighter girders for multiple track bridges

than the old provision.

Mr. A. Chas. Irwin (Portland Cement Association) :—What I have

to say will be with the idea of adding to this discussion. It is not in

the nature of a minority report. The Committee has done an enormous

amount of work and has made important changes in the old specifica-

tions, and considerable improvement therein. As Is natural in all com-

mittee work, there has not been always, at the beginning, at least, a

unanimity of opinion. Certain new provisions that have been advanced

by members of the Committee have met, of course, with opposition, and

it is to be assumed that complete consideration was given to everything

that was proposed that had in it the elements of good practice and good

theory and reason. However, you know that there is a ver}' great

tendency to hew close to what may be termed beaten tracks, and to not

stray very far therefrom.

I wish to take your time for a few minutes to read an expression

of thought In regard to the design of bridges that affects those funda-

mental things, namely, the loads that shall be used, and the stresses by

which the structure shall be proportioned to carry those loads.

The specifications for steel railway bridges of the American Railway

'"Engineering Association have had a wider and more universal use than

any other specialized work produced by the Association. The old specifi-

cations as revised from time to time really marked the beginning of

standard practice in the design and fabrication of railway bridges. How-
ever, many Engineers refused to accept it in its entirety, preferring to

take from it and from other specifications that had been found to pro-

duce bridges that would carry their loads safely such portions as suited

their fancy or individual Ideas. It is noteworthy, however, that nearly

all of the different specifications for railway bridges do not wander very

far from well-beaten paths. A comparison of them leads one to believe

that the authors of them always compared the sizes of the various mem-
bers affected b>' the changes which he made with those produced by other
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specifications and made sure that the result was practically the same.

This may be said to be a high tribute to early specification writers on

steel bridge design, and on first thought we might conclude that these

specifications were universally good and almost perfect, since, so far as

I know, there is not one single published record of a railway bridge in

the United States having failed under traffic because of overload.

However, the fact that we have never had such a bridge failure is

not proof that our designs have been economical and of the best. Very

few railway bridges erected twenty-five or thirty years ago are now in

service where they were originally constructed. Wheel loads in that time

have so increased on main lines that the safe carrying capacity of parts

of the structures was surpassed long before the physical condition of the

bridges required their relegation to the scrap heap. Many of these

bridges have been moved to branch lines or sold for use on roads where

the loads were within their safe carrying capacity. This situation has

brought about a very thorough investigation of the strength of what we
choose to call old bridges. It was desired to retain the bridges in

service at their original locations as long as practicable and we therefore

began to apply to them maxiintDii safe unit stresses and the heavy loading

which it was desired to run over the line.

And, indeed, for what ultimate purpose was the bridge designed in

the first place? We say, to carry safely the heaviest loads that would

be allowed to pass over it. Truly, but what was this load? And the

answer is, Cooper's E-40, 50 or 60, as the case may be. And what was

the unit stress which was used in proportioning the various parts? The
reply will range anywhere from 12,000 to 18,000 lbs. per sq. in. with an

"explanation" to the ef¥ect that this low unit stress was used so as to

allow for a very considerable future increase in the live load. Then,

after all, the bridge wasn't designed in the first place to fulfill the ulti-

)nate purpose of carrying safely the heaviest loads that zvere expected to

pass over it.

The practical result of this logical or psychological error is almost

humiliating to the Engineering profession. You have had to move, scrap,

or sell many bridges whose chords were amply strong to carry the aug-

mented loads, simply because of weakness in some web members or the

absence of counters or because the floor beams or stringers or connec-

tions were not equally strong with the chords. In other words, you

evolved an unbalanced design; not one like the "one-hoss shay," but, in

rural vernacular, a one "hoss" bridge for a two "boss" purpose.

Now, there is a cure for this, but the specifications presented here

for your adoption do not give it. That cure is to design the bridge in

the first place for the fulfillment of its ulfiniaie purpose, namely, to

carry maximum load, that is, use the niaxiinuni loading and the maximum
unit stress in proportioning the various parts of the bridge—^not two-

thirds of the expected load or two-thirds of the maximum unit stress,

but all of them.
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To illustrate how the use of a low unit stress and a less than max-
imum loading operates to ])n:)(liK-e an unbalanced design, consider a

member in which the dead load htrcss is equal to the live load stress.

The section of this member is determined 1)3' dividing the total stress by

say 16,000. Now increase the live load 50 per cent, and the unit stress 50

per cent, giving 24,000 for the latter. The dead load has not changed,

yet the load carrying capacity of that- member has been increased 50 per

cent, of that portion of the section designed to carry dead load. The
increase in the unit stress and the live loading is the same, so that a

balance is struck for the live load. Not so for the dead load. The actual

load carrying capacitj' of the member has been increased 50 per cent,

of 50 per cent cent., or 25 per cent, of its total load carrying capacity ^nore

than the increase in loading which it is required to carry. In other

words, the unbalanced condition of the design is in direct proportion to

part played by the dead load in determining the section of the member.

It is evident that with increasing span lengths in which the dead load

constitutes a larger and larger percentage of the total load, this im-

balanced condition is greater and greater. It is also evident that no

juggling with fractions of dead and live load for members particularly

influenced by dead load can ever catch up with this "will o' the wisp" of

unbalanced design resulting from the influence of dead load with low

design stresses. There is but that fundamental principle of design which

is correct in logic, scientific in practice, unassailable as to method, namely,

the use of the maximum loading that zvill pass niwr the structure and

the maximtmi unit stress to which the material may repeatedly be sub-

jected with safety in the proportioning of all parts of the structure.

Mr. Schall :—I do not mean to say that the specifications as they

are submitted should be passed lightly. As far as I had an opportunitj'

to read them over, in the shbrt time available, there seems to be no

question that we will have a better bridge, designed under the new
specifications, as compared with those of 1910.

The amplifications are a necessary part of any specifications, Imt

were left out in the old specifications—they were more general.

The Committee, however, has not pointed out the effect of the

changes made in the compression formula, impact formula, etc., so that

the matter might be grasped without making a detailed investigation. I

am satisfied that under the new specifications we will obtain better and

more lasting bridges. The question arises—What is the difference in

the total weight of a given bridge designed by the new specifications as

compared with those of 1910, and what is the difference in cost b}' fol-

lowing up the various details of construction called for?

I like the specifications in general, but I am not prepared to vote for

their adoption at this time. If there is urgency about issuing the specifi-

cations, it can be done in the same manner as the American Society for

Testing Materials does, that is, mark them "Tentative Specifications" and

give the members who so desire an opportunity to use them.
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Air. Selby :—The Committee gave careful consideration to the points

raised by Mr. Irwin in meetings of the Committee at which Mr. Irwin

was not present. It is recognized that the low unit stress design does

not give a balanced uniform margin for increase in live loads. Both the

technical and psychological aspects of that method and the alternative

method of designing for an enormous increase over the existing live

loads were carefully considered. Prof. Turneaure is better prepared to

tell why the specifications were presented in this form.

Mr. E. A. Frink (Seaboard Air Line) :—-This specification gives

evidence of a great deal of hard work on the part of the Committee.

I dislike lo oppose it, but I have to. In my opinion this specification is

one of the most important, possibly the most important, that this As-

sociation has to deal with. It is a long specification, and from the little

inspection I have given it, it seems most admirable in design, but there is

a great deal too much in this specification, as Mr. Schall well said, to

pass on it within the limits of the discussion on this floor.

There are a number of things in the specification that do not seem

to be right, the principal one being the loading. The Committee has

proposed as a minimum live loading Cooper's E-60 loading. That is a

loading, roughly speaking, of some 8,800 lbs. per ft. of track. The
loading of the heaviest Mallet engine, I think, runs somewhat under

that, something like 8,000 lbs., perhaps a little over. Cooper's E-50 load-

ing runs about 7,400 lbs. in round numbers.

If we use an E-60 loading for the engines that are in use to-day,

wc get a structure that is not economical, because we get too much
metal in the superstructure, and too little metal in proportion in the

iloor system for structures of fairly long span; in other words, the

Cooper loading is so entirely different from the engines in use to-day

that it is no longer a fair measure by which to design the strength of

our bridges. The Cooper E-60 has a total of 426,000 lbs. in 48 ft., and

our heaviest Mallet engines, I think, run something like 800,000 lbs. in

about 100 ft. It is obvious that the one is not a fair measure of the

other. It seems to me that if we adopt a standard loading, which, after

all, is only a device to escape the calculations of actual wheel loads,

it is time we adopt a loading which more nearly represents the actual

locomotives in use.

It seems to me that the time has come when this Association should

attempt, at least, to devise a standard loading. Perhaps that is more of

a problem than it might seem, but still I think we ought to attempt it.

As to prescribing a minimum of Cooper's E-60 for bridges; when
this specification goes into our Manual it almost has the effect of a law.

It carries more weight than any other similar specification in the world

could possibly carry—it certainh^ does in this country, and I believe it

does in the world. Any company which departs from this specification

materially in designing its bridges might find the after-effects decidely

adverse. Therefore, we should be very cautious what loading we specif}^

for our bridges.
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For quite a number of years I have designed bridges for Cooper's

E-50 loading. Sometimes the management asks me what they will carry,

and I say they will carry anything that runs in the country to-day. 1

believe that is a fact. I would not have any hesitation in running over

these bridges any locomotive that nms in this country to-day.

There. are a number of roads that do not need E-60 loading or E-50

loading, and therefore I do not think we should prescribe a minimum
load or any one loading as a criterion for all bridges. In fact, I am
beginning to doubt whether we should put a loading in our specification

at all. It seems to me it would possibly be better to put instructions in

the specifications that bridges should be designed for the loading that

they are to carry, with probably a reasonable margin, expressed pos-

sibly in a percentage, over that loading to allow for an increase.

We have all seen the loading on bridges increase enormously in the

time within our memory. No man can say definitely that loading will

not increase more, and therefore whatever we put in practice to a

certain extent should be elastic, and it seems to me that instead of

prescribing a definite loading we should put in a requirement that the

bridges should be designed for the loading- they are to carry, plus a cer-

tain margin for increase.

In pai'agraph 23 it is stated : "Wooden ties shall be designed for

the maximum wheel load specified distributed over three ties and with

100 per cent, impact added. The fiber stress shall not exceed 2,000 lbs.

per sq. in." I believe our Manual prescribes fiber stresses of 1,200 lbs.

for yellow pine, and this is almost 50 per cent, in excess of that, but the

loading is 100 per cent, in excess of the loading prescribed for timber

trestles, and if my memory serves me rightly it is 100 per cent, in

excess of the loading prescribed for wooden decks in our present steel

specification. I think our present steel specification docs not prescribe

the impact for ties. Certainly the specification for wooden trestles does

not prescribe impact.

In paragraph 24 it is stated: "Floors consisting of beams transverse

to the axis of the structure shall be designed for a uniform live load of

15,000 lbs. per linear ft. for each track, when the minimum live load

specified is used."

In adding the impact to that, as near as I can tell from rough

figuring, it will bring it up to something like 26,000 lbs. per linear ft.

of track.

I have not had time to go over these specifications carefully. There
is too much matter in them, but they deserve the "most careful study.

To my mind that careful study can only be given by allowing the mem-
bers of the Association a proper interval in which to do that, and I am
in favor of the adoption of the motion which Mr. Schall made.

Mr. J. R. W. Ambrose (Toronto Terminal) :—I feel that there should

be no question, but, as Mr. Frink said, it is very difficult, if not impos-

sible, to discuss intelligently an important specification like this without
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having some time. It is onl\ 1air to the mcnilxrs that tiiey ha\e sutil-

cicnt time to express their views, lie lore yoi! ask them to vote. The
Engineering Institute of Canada has just completed a very line and

excellent specification under the leadership of one of yi>ur members, and

I think it would he very interesting if you should ask thi- member, Air.

Motley, to let us know if there is an\- great difi'-rence between this

specification which you r.re prnposing now and the one \\hich was pro-

posed in the Engineering Institute of Canada.

Mr. Selby :—The Committee had the benefit of co-operation with

Mr. Motley's Committee of the Canadian Institute, and one of the

instructions of the Board of Direction, which we have been proceeding

under, was for co-operation with the Canadian Institute as represented

on this Committee by Mr. Motley. Mr. Motley was on two of the Sub-

Committees which prepared these specifications. Mr. Motley can tell us

to what extent the specifications drawn conform with the work of the

Canadian Institute.

Mr. P. B. Motley (Canadian Pacific):—Mr. Chairman, I find myself

in the rather peculiar position of a meml)er of this Committee, and at

the same time a critic of the specification as drafted. I may as well

confess at once that I feel the Association will do the right thing in

referring the report back for further consideration. Mr. Ambrose has

asked me to state wherein the specification of the Engineering Institute

of Canada differs from the one under discussion. It is impossible, in

a few words, to go over all the diflferences, but I can say at once that apart

from the question of impact it is different as regards the arrangement

of the various clauses. The Institute's specification has its clauses ar-

ranged in the natural sequence followed by a designer.

The reason for having a Canadian Specification at all is that the

Canadian Government is anxious to refer to a specification which has

been endorsed l)\- our National Engineering bod\', and while it is de-

sirable that Canadian practice be similar to that of the United States,

yet it is scarcely proper to refer to a foreign specification. The com-
pression formula is also quite different from that in the specification

before us. The Canadian specification endorses 12,000 lbs. as a base,

although this is under criticism at the present time by prominent mem-
bers and it may be modified Ijefore adoption. Moreover, in the specifi-

cation before us certain clauses ha\e been duplicated and small inac-

curacies exist.

As far as general principles are concerned, I am inclined to agree

with Mr. Irwin, wdio has just stated that we are not designing balanced

bridges, and with Mr. Frink who has said that Cooper's system of

loading scarcely corresponds with the locomotive loadings as they exist

to-day. It has also been suggested that something like the wheel spacing

of a "Mallet" be adopted, and in ten >ears from now we may have
something still dift'erent before us. These undecided questions further

go to show that the specification is scarcely ready for adoption.
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Personall}' I am inclined to think that the best solution of this

problem is to make two curves, one for moments and one for shears,

carefully constructed to cover the maximum moments and shears caused

b)- all existing heavy engines, such as the Santa Fe, Pacific, Mogul,

Consolidation, Mallet, and any others which we are accustomed to, or

likely to use. These typical engines should all have the same axle

loads (say 50,000 lbs.) and the distance apart of the wheels should

conform with current practice. A typical tender also could be used

with characteristic axle loads and distances apart.

In order to take care of small spans, say up to 40 ft. and heavy

electric locomotives, a suitable compromise curve could be made, by

deflecting upwards, the curve, above described, to such a point as will

represent the maximum axle load. The final curve, drawn tangent to

all the plotted curves, would represent the maximum intensities found in

practice.

While it may be said that a wheel load diagram is more scientific,

it can also be said that no single wheel load diagram on which we can

figure will ever exist, therefore, we are just as precise in using such a

curve as a wheel load diagram. In addition to this the calculations are

greatly simplified, therefore it cannot be said that two curves add to the

work of the designer.

If these curves were based upon 50,000 lbs. per driver, they could

be known as the uniform load or "U-50" curves. For higher or lower

wheel loads, say 60,000 or 40,000, they would follow the direct ratio

system, as used by Cooper, and be respectively "U-60" or "U-40."

I beg to submit the above suggestions for the consideration of the

Committee and the Association.

Prof. A. N. Talbot (University of Illinois) -.—Mr. Chairman. I think

that all members of the Association and Engineers generally will agree

that it would be very undesirable to adopt specifications which have

been in the hands of the members only two or three days. I feel that

the motion made by Mr. Schall is therefore one that should be adopted,

the first part of it at least. As I understand it, he put in at the end

something about considering these as tentative specifications for a

year. It hardly seems that we should take these as tentative specifica-

tions, for there is no standing in the Association for that term. They

should either be adopted or left for consideration for a 3'ear, and J

hope that the last part of the motion may be left off. It seems to me that

we can well afiford, in a matter of this importance, with specifications

that have stood since 1913, to let this matter go over a year, and con-

sider it, and get the benefit of the discussion of Engineers outside of the

Association as well as of Engineers in the Association. It is evident

that there will not be a very large amount of bridge building during the

year, so that this is not an emergency matter.

Mr. Schall :—Mr. Chairman, with your permission I will withdraw

the second part of the motion referred to by Prof. Talbot, with the

consent of mv second.
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Vice-President Stimson :—That will leave the motion in effect to

receive this as a progress report and leave it open for written discus-

sion during the year, with a further report by the Committee next year.

Prof. F. E. Tumeaure (University of Wisconsin) :—Air. Irwin's

suggestion goes to the point of designing structures, having in mind

more exactly the ultimate safe stress to which bridges may be subjected,

and in proportioning the structure so that it will be what is called a

balanced design, when loaded to its maximum safe load.

In the rules for the examination of old structures, adopted by the

Association some years ago, an ultimate safe stress of 26,000 lbs. was

suggested as the stress up to which a structure might be loaded if the

detail were in satisfactory condition, and if the bridge showed no signs of

over-stress. In accordance with that idea of ultimate safe stress, the

Committee discussed this particular method of arriving at a design,

assuming that 24,000 lbs. might be considered a safe stress with details

satisfactory, and the load a perfectly static load. • Should such a method

be adopted, it would amount to this, that for dead load we would design

for a stress of 24,000 lbs. per sq. in. (or possibly 22,000 lbs. per sq. in.),

and that for the live load we would take, not the load that is now
passing over the structures or the load that is anticipated in the near

future, but the load that we would estimate might pass over the struc-

tures thirty or forty years hence, and then use 24,000 lbs. per sq. in.

for that live load, increased by the proper amount for impact. In that

wa> we would get a structure which would carr\- the anticipated load

thirty years hence, say, with a stress of 24,000 lbs. per sq. in. It is

perfectly plain that such a method of design would give a balanced

structure. The specifications would then read something like this : For

dead load, 24,000 lbs. per sq. in. unit stress; for live load 16,000 lbs. per

sq. in., or for 50 per cent, increase of live load, 24,000 lbs. per sq. in.

Now the question arises, is 24,000 lbs. per sq. in. a satisfactory

stress to put before the Association, before Engineers generalh-, and

before the public, as a safe stress for all kinds of structures subjected

to static load only? At the present time 16,000 lbs. per sq. in. is the

working stress used in a great variety of structures and specified in

many building codes ; and while it is probably true that almost an}- ex-

perienced Bridge Engineer would be willing to use a working stress

of 22,000 or 24,000 lbs. per sq. in. for a structure subjected to definite

static loads and under his direct supervision, the Committee did not

feel that it was desirable to set forth 24,000 lbs. per sq. in., as a safe

stress for dead loads. The same line of argument was carried out

in the Committee with reference not only to 24,000 lbs. per sq. in., but

with reference to 18,000 and to 20,000 lbs. per sq. in. as a basic dead

load stress. The result that the Committee arrived at after a good

deal of discussion is indicated in the specifications. It is recognized, of

course, that, as in the past, so in the future, bridges will be overloaded

—

loaded beyond their design load, and that use will be made of some
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of the margin hctwecn the 10,000 ckad load stres;; and the possible

maximum stress of 22,000 to 24,000 lbs. In permitting such increased

live load, the excess material put into the bridge for the dead" load will

be made use of just aN it is now under careful supervision and in accord-

ance with the best judgment of the Engineer. The difficulty involved

in this general method of design is well known, and many structures

have been analyzed for increased live loads that have shown the web

members to be the weakest elements in the structure when it comes to

permitting the passage of an extremely heavy live load. The reason is, of

course, that in calculating the maximum capacity of the structure, use

is made of the excess material allowed for the dead load, and this does

not exist in the same proportion in the web members as it does in

the chord members. This difficult}- is met fairly well, in the proposed

specifications, by paragraph 45, which is a little different from the old

specification and provides just this: Assuming 24,000 lbs. per sq. in. as

the ultimate safe stress for an overloaded structure, this rule will pro-

vide precisely 7S per cent, overload capacity for the live load. This is

practically the same percentage of overload capacity that is furnished by

the chord members of a 200-ft. span. A 200-ft. span designed by this

method will therefore .be of uniform strength throughout. In spans

longer than 200 ft., the chord members have a little the best of it ; in

spans less than 200 ft. the web members have a little the best of it.

This, in brief, is the history of this particular part of the specification.

Mr. B. R. Lelifler (New York Central) :—I wish to call the attention

of the members of the Association to the first line in the specification :

"For fixed spans less than 300 ft. in length." It was recognized that when
long spans arc to be designed, higher unit stresses shotild be used, and

such long spans also require special engineering features. I think the

members should bear that in mind. I think that perhaps 90 per cent, of

the bridges in this country and Canada will be covered by these specifi-

cations, which means spans of less than 300 ft.

A paragraph that has not been mentioned as tending to make a balanced

structure is paragraph 27. It was recognized that in heavy ballasted

floor liridges this load was of such great importance that some adjust-

ment should be made.

"In bridges with ballasted floors, only three- fourths of the com-

puted dead weight of the floors shall be considered."

Paragraphs 27 and 4.i arc two distinct advances over the old speci-

fications in the direction of making a better structure and a balanced

structure. I think the Association, in studying this specification during

the year, will find stuck in, at different points, a few such little kinks

which are in the direction of progress.

Mr. Irwin :—The proA'isions mentioned to provide a I^alanced design

remind me somewhat of cutting off ulcers in an attempt to cure small-

pox. I agree entirely with Mr. Lcffler that these are steps in advance.

They are in effect a recognition of the proposition that an unbalanced

design results from the use of old specifications, and this condition
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has met every man who has had to figure out whether or not

such and such a locomotive could pass over such and such a bridge.

The provisions aim to relieve him of that embarrassment that he meets

when he finds that because of certain small weaknesses the large expense

incurred in building the bridge in the first place must be largely thrown

awa\', because the man who designed it did not have in mind the fulfill-

ment of the thing that it would ultimately be stipposed to do., i. e., carry

with equal safety in all parts the biggest load that would ever come

upon it.

These are steps in the right direction but fall far short of a

solution. Bridges to w'hich these specifications apply will have spans

from very small ones up to 300 feet, giving rise to an enormous— I might

sa)', an infinite variety of eflfccts of the dead load on the sections of the

various members of the structure. Every change of span, every dif-

ference in floor that gives the dead load a larger percentage in its

influence on the total area of the various members of the structure will

create a new set of conditions which no attempt at juggling with frac-

tions of the dead load can ever meet. There is just one way to do it,

that is to consider and proceed from the fundamental proposition of

designing the bridge for the maximum load and maximum unit stress.

I am not saying w^hat the maximum unit stress should be, nor what

the maximum load should be. Those are big subjects, but this is a

big organization. It is composed of men who are experts along just

exactly those lines. There is no other organization in this country

or in the world that is more capable of grappling with this proposition

and solving it in the best possible way. Let us do that.

(The original motion, as amended by Mr. Schall, was carried.)

Vice-President Stimson :—The report is received as a progress report

(Mr. Selby read all of page 651, and said:)

Mr. Selby:— I talked with Mr. Briggs, a member of the Bureau of

Standards, yesterday, and asked him what the prospects were for a con-

tinuation of tjie column tests by the Bureau of Standards. Xovv that

the war conditions have passed. Major Fischer has returned to the

Bureau and taken up active work after his service in the Army. Mr.
Briggs told me he was not in touch with that part of the work of the

Bureau btit that he felt sure some progress could be made this year on

those tests. The work of making the tests is in the hands of a Sub-

Committee headed In- Mr. W". H. Moore, and we are only waiting for

an opportunity to conclude the tests.

(Mr. Selby then read the matter under Subject 6, on page 652.)

Mr. Frink :—Why should the subject be dropped?

Mr. Sell)}-:—For the reason that the principal materials for turn-

table rollers and disc bearings arc steel for the rollers and phosphor

bronze for the discs. The phosphor bronze specifications have been

considered and adopted by the Association and the matter of steel for

the rollers is included in the movable ))ridgc specifications which ha\e
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been printed in the Proceedings and will be offered next year for adop-

tion. The Committee feels there is nothing special about the metals

for turntable rollers and disc bearings that is not covered in the other

work of the Committee.

(Mr. Sclby read the matter under Subject No. 7.)

Mr. Selby:—The details under this heading are expected to be

presented to the convention in the report of 1920.

(Mr. Selby read the matter under Subject No. 8.)

Mr. Selby:—The Committee will ask that this subject be continued

for the reason that the track scale question is a very live one and has

l)cen referred to this Association by the Railroad Administration, and

this Committee would like to keep in touch with the structural features,

at least, of the track scales.

I move the adoption of Section 2 of the recommendation at the

bottom of page 652.

(Motion carried.)

Mr. Leffler:—I want to call attention to Subject No. 3, on movable

bridge specifications. Everj^ year we invite criticisms and discussion

from our members, but they do not seem to come forth. I think the

Chairman of this Committee would be glad to receive written dis-

cussions. Just a letter from the various members who are using these

specifications, so that the Committee would be benefited by the criticisms.

We are revising these specifications, and such criticisms would be help-

ful—they will not do us any good if made at the time the specifications

are presented next year, so we would like to have them before that time.

One of the bridge companies has requested that we meet with their

representative for a several days' conference, just to discuss these

specifications. It would be better to have discussions published in the

Bulletin, but it requires a great deal of labor to cover an article for

the Bulletin, and if we get them in the form of a letter, it will help

the Committee in its work.

Vice-President Stimson :—The Committee is excused, vvith the thanks

of the Association for its admirable report.



DISCUSSION ON MASONRY
(For Report, see pp. 695-748.)

(Vice-Pnesident Stimson in the Chair.)

Mr. F. L. Thompson (Illinois Central) :—The report of the Com-

mittee on Masonry appears in Bulletin 215, pp. 695-748.

(Mr. Thompson commented briefly on the several subjects assigned,

as given on pages 695 and 696.)

Mr. Thompson :—With reference to "Concrete Culvert Pipe," dealt

with in Appendix A, it is suggested this subject be reassigned for the

work of the Committee next year.

Some work has been done on Subject 3, "Revision of Specifications

for Plain and Reinforced Concrete," during the past year. This is a

large subject and requires a great deal of time. The Committee expects

to get this matter of the specifications for cleaning and reinforced con-

crete and for steel reinforcement submitted tentatively to the Association

next year with the hope of having it ready for adoption in 1920.

On Subject No. 4, pages 702-3 give five methods of depositing con-

crete under water.

Report on Subject No. 5, "Disintegration of Concrete and Corrosioti

of Reinforcing Materials," is given in Appendix C. The Committee has

gone into the matter quite thoroughly in so far as listing the different

articles which have been published in connection with this matter.

Report on Subject No. 6, "Specifications for Slag Aggregate," is given

in Appendix D. In checking over the different specifications for slag,

it was found that about the only uniform quality of slag was the weight

in lbs. per cu. ft., it being ascertained that about 70 lbs. was very nearly

a uniform result. The Committee feels that where slag is used, the speci-

fication that will secure the best results will have to be worked up by

the man intending to use the slag.

Subject No. 7 is reported on in Appendix E, page 748. The first

division of Subject No. 7 was to report on: "The effect upon the strength

and durability of concrete not having a sufficiency of moisture present

throughout the period of hardening, as compared with concrete fully

supplied with moisture." The Committee was very fortunate in getting

the result of a series of tests made bj- Prof. Abrams, of Lewis Institute,

Chicago.

With reference to sub-division (2) "Method of providing moisture

during the period of hardening." This related to the different methods

of sprinkling the concrete or putting sand or dirt on the concrete to

keep it damp during the period of hardening. We have given some data

on that subject in the report.

The next subject under this heading (3) "Remedy for concrete hard-

ened with insuflRcient moisture." The matter relating to this subject

will be found in Appendix E.

I call your attention particularly to the report on the "Effect of

quantity of mixing water and curing conditions on the streugth and wear
90:?
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of concrete," wliicli was a subject of a test, and the description of the

same is given by Prof. Abrams.

This report goes on to sliow huw these tests were made, the type

of wrapper used, etc. I call your attention especially to page 122.

(Mr. Thompson here read the matter beginning at the last paragraph

of page 122.)

.Mr. Thompson :— I think a great deal of concrete work has been

put in on railroads, and possibly more on building work, where the con-

crete is very wet, coming through long spouts, and the only way it will

move through the spouts is by having it wet, and these tests go to show

in mixing concrete in that way a great deal of the strength is lost. On
page 725 some good points are made.

(Mr. Thompson tlien read the matter beginning, "To produce a

workable concrete.'')

Mr. Thompson:—This goes to show that ])y carefully watching th>;

amount of water that goes into the mixture we can obtain a much

stronger concrete with the same amount of strength, or the same strength

of concrete, with less cement. When we can get good results with prac-

tically no extra cost, except supervision, why should we go to the ex-

pense of trying to o1)tain cement, that is, a finer cement ground to a

finer degree, at extra cost? This is being advocated by the Government,

that is, increasing the amount that will pass through a sieve, two per cent.

I think the test described on page 725 should be carefully read by all

the members who have anything to do with concrete work.

Vice-President Stimson :—This is certainly a very valuable report,

and contains some excellent information.

Prof. A. N. Talbot (University of Illinois) :—Recently I talked with

two Engineers concerning improvements in m.aking and placing concrete.

Both agreed that changes in procedure might l)e made with advantage.

One described a method which he favored, hut said it required an artist

to carry it out. The other criticized a proposed specification and said

it was "only more of this artist's stuff." I have no doubt there are many
who feel that much of wdiat is proposed for the improvement of concrete

is unnecessary and impractical—mere "artist's stuff." Familiarity wnth

mixing and placing concrete is likely to breed contempt for rules and

regulations, especially when the ill effects of the disregard of proper

precautions and workmanlike methods are not apparent to those doing the

work. There are, of course, many places where concrete is used for

filling material and to give weight, or where the stresses are extremely

low, and here the ciuality of the concrete may not be important. Where
durability and strength are essential, however, quality is important, and

improvements in methods and requirements should be welcomed. Dis-

cussions on how to produce good concrete must add to our information,

help to make us better workmen, and aid in securing a much better grade

of concrete. It seems to me, therefore, that the valuable contribution of

Professor Abrams, given as an appendix to the report of the Committee,

will be appreciated by the Society. I heartily concur in the recommenda-
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tion of the Chairman of the Committee that the paper is one worthy of

the careful study of all members interested in concrete and I, too, wish

to urge the careful consideration of a number of the matters therein

discussed.

Concrete is a ct)mplex product. Man_\ elements enter into the de-

velopment of its strength. As it is well to have some idea of the physical

conditions which affect concrete in its making, I have jotted down a

number of items which seem to me to bear on the effect of the makeup
of the mixture; these are offered as suggestive of the way in which the

amount of water used in mixing and the gradation or variation of size

of the particles making up the combination of fine and coarse aggregate

may be expected to influence the strength of the concrete. These state-

ments ma}- seem elementary ; in man_v respects they are crude. They are

presented, however, with the thought that even a general conception of

the physical conditions will be helpful in understanding the effect of

changes in amount of mixing water and of variations in the size of the

fine and coarse aggregate. It is to be understood that there are limita-

tions and qualifications that will not be expressed here. Here are the

items :

1. The cement and the mixing water may be considered to-

gether to form a paste; this paste becomes the glue which holds the

particles of aggregate together.

2. The volume of the paste is approximately equal to the sum
of the volume of the particles of the cement and the volume of the

mixing water.

3. The strength given by this paste is dependent upon its con-

centration—the more dilute the paste, the lower its strength; the less

dilute, the greater its strength.

4. The paste coats or covers the particles of aggregate partially

or wholly and also goes to fill the voids of the aggregate partially

or wholly. Full coating of the surface and complete filling of the

voids are not usually obtained.

5. The coating or layer of paste over the particles forms the

lubricating material which makes the mass workable; that is, makes
it mobile and easily placed to fill a space compactly.

6. The requisite mobility or plasticity is obtained only when
there is sufficient paste to give a thickness of film or layer of paste

over the surface of the particles of aggregate and between the par-

ticles sufficient to lubricate these particles.

7. Increase in mobility may be obtained by increasing the thick-

ness of the layer of paste; this may be accomplished either by add-
ing water (resulting in a weaker paste) or by adding cement up to

a certain point (resulting in a stronger paste).

8. Factors contributing to the strength of concrete are then
the amount of cement, the amount of mixing water, the amount of

voids in the combination of fine and coarse aggregate, and the area
of surface of the aggregate.
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9. For a given kind of aggregate the strength of the concrete

is largely dependent upon the strength of the cement paste used in

the mix, which forms the gluing material between the particles of

aggregate.

10. For the same amount of cement and same voids in the

aggregate, that aggregate (or combination of fine and coarse aggre-

gates) will give the higher strength which has the smaller total area

of surface of particles, since it will require the less amount of paste

to produce the requisite mobility and this amount of paste will be

secured with a smaller quantity of water; this paste being less dilute

will therefore be stronger. The relative surface area of different

aggregates or combination of aggregates may readily be obtained by
means of a surface modulus that may be calculated from the screen

analysis of the aggregate.

11. For the same amount of cement and the same surface of

aggregate, that aggregate will give the higher strength which has the

less voids, since additional pore space will require a larger quantity

of paste and therefore more dilute paste.

12. Any element which carries with it a dilution of the cement
paste may in general be expected to weaken the concrete—smaller

amounts of cement, the use of additional mixing water to secure in-

ci eased mobility in the mass, increased surface of aggregate, and
increased voids in the aggregate all operate to lower the strength

of the product.

13. In varying the gradation of aggregate a point will be

reached, however, when the advantages in the reduction of surface

of particles is offset by increased difficulty in securing a mobile mass,

the voids are greatly increased, the mix is not workable, and less

strength is developed in the concrete. For a given aggregate and a

given amount of cement, a decrease in the amount of mixing water
below that necessary to produce sufficient paste to occupy most of

the voids and provide the lubricating layer will give a mix deficient

in mobility and lower in strength.

A certain degree of mobility is necessary in order to place concrete

in the forms in a compact and solid mass, the degree varying consider-

ably with the nature of the work, and generally it will be found neces-

sary to sacrifice strength to secure the requisite mobility. It is readily

seen, however, that the eft'ort should be made to produce as strong a

cementing layer of paste as practicable by selecting the proper mixture of

aggregate and by regulating the amount of mixing water.

More thorough mixing not only mixes the paste and better coats the

particles, but it makes the mass mobile with a smaller percentage of mix-
ing water and this less dilute paste results in higher strength. Any im-

provement in method of mixing which increases the mobility of the mass
will permit the use of less dihite paste and thereby secure increased

strength.
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It aiaj' be added tliat for a small increase in the amount of mixin;;

water the difference in the strength of the concrete after considerable

time has elapsed appears to be relatively less than it is at the earlier ages

;

provided, of course, sufficient moisture is at hand to permit full chemical

action to be maintained.

To take up another part of the report

:

In Appendix E, on the effect upon strength and durability when there

is not a sufficiency of moisture during the period of hardening, the Com-
mittee brings out the need of providing moisture during the early ages,

but seems not to consider the great gain in strength attained over a long

period of time if sufficient moisture is available nor to recognize the ces-

sation of hardening and strengthening if the concrete remains dry. At

the end of a month there may be little difference in strength between damp
storage and ordinary dry storage; at the end of several years concrete

provided with moisture for the continuation of the hardening process may
have more than twice as much strength as that not having available moist-

ure beyond the drying-out stage. Further, dry-stored concrete specimens

put into moist conditions at an age of several years thereupon increase

in strength rapidly, and the indications are that they will finally reach as

great a strength as if they had been always under favorable moisture

conditions. Concrete left in a room-dry storage had gained little or

no strength beyond the age of 30 days was placed in moist storage condi-

tions at an age of 2 j'ears 4 months; at an age of 5 years its strength was

nearly twice as great. Specimens made by the C. B. & Q. Railroad and

stored in a workshop at Aurora showed no gain in strength beyond a fevi'

weeks even up to an age of 7 years. At 7 years 3 months specimens

were placed in water, and after nine months (age of 8 years) the strength

was found to have increased from 3,000 lbs. per sq. in. to 5,000 lbs. per

sq. in. This gain in strength when moisture is provided is encouraging,

because it means that structures exposed to rain or which may at times

absorb moisture from the earth will go on gaining strength with age and

thus be enabled to take greater load, and even that concrete in dry climates

which lacks requisite strength through a deficiency of hardening water may

be greatly benefited by providing the moisture over a sufficient time. It

also shows that we must not expect that concrete in buildings subject to

air of ordinary dryness will gain in strength beyond the period of drying

out. In judging of final strength of concrete, distinction should then be

made according to the hardening conditions to which the concrete is sub-

jected through a considerable period.

It seems to me that the report of the Committee attaches too much

value to sprinkling the surface of concrete. Sprinkling is helpful in

retarding the drying of the surface, especially in places where the drying

is not very rapid, and it may prevent excessive drying out and thus

avoid defective concrete, but it can hardly be said to be a remedy for cess-

ation of hydration by reason of a lack of water for hardening, and in a

dry atmosphere sprinkling cannot be expected to provide sufficient moist-
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ure to enable hardening lo continue in sncli a way as to utilize the full

value of the cement.

The maintenance of proper conditions for continuing the hardening

action is of more importance than is usually recognized.

Mr. B. R. Leffler (New York Central) :—The report of the Joint Com-

mittee recommends one minute and a half as the time for mixing the

concrete. We tried that on a large job. The contractor protested very

strongly against the time of mixing. We finally compromised by cutting

the time to a minute. Under loose supervision the time of mixing is ordi-

narily about 15 or 20 seconds.

The time of mixing is an important feature in regard to the lubrica-

tion of the particles of the aggregate, so as to produce plasticity and

ready flowing of the concrete. I think within certain limits it will be

found that the desired plasticity can be attained with the least amount of

water and the proper time of mixing.

The use of excess water is purely a contractors' method of placing

the concrete with the least expense.

The question of the proper time of mixing is dependent on the kind

of concrete mixer used, and I think that is an important subject for in-

vestigation. A one-minute mix might be all right with a certain type of

mixer, probably a half-yard mixer ; in other words, I think one way to

obtain plasticity and the minimum amount of water is to use the right

kind of mixer and the right time of mixing, and these are important

questions that should be investigated.

I am afraid that the average contractor will protest vehemently against

the one minute and a half time for mixing, even against one minute. I

think he is the man who will say that the Engineer is trying to put through

some of the "artistic stuff."

Mr. J. R. W. Ambrose (Ttironto Terminal):—The idea of using

surface area referred to by Prof. Talbot has been studied by the Works
Department of the City of Toronto for the past two years, under the

direction of one of our members, Mr. L. N. Edwards. I am sure if the

chairman of the Committee will get in touch with Mr. R. R. C. Harris,

Commissioner of Works at Toronto, he will get a vast amount of data

on that subject.

Mr. George W. Kittredge (New York Central) :—I want to say a

word in commendation of the report and the discussion of Prof. Talbot.

It is such a report and such a discussion that makes the Proceedings of

this Association of such great value to its members and the public gen-

erally. If I had heard nothing except the report and Prof. Talbot's dis-

cussion, I should have been amply repaid for coming here.

Vice-President Stimson :—The Chair dislikes to close the discus-

sions, but we have five more committee reports to dispose of, and the

hour is getting quite late, as well as the closing business of the conven-

tion, and with the consent of the members of the Association I will re-

lieve this Committee with the thanks of the Association for the work it

has performed.



DISCUSSION ON WATER SERVICE
fFor Report, see pp. 277-326.)

(Vice-President Stimsoii in the Chair.)

Mr. A, F. Dorley (Missouri Pacific):—There is one paragraph

in the Manual which the Committee wishes to revise, namely, the section

on "Foaming and Priming." The Committee feels that the explanation

of the phenomenon commonly called "foaming," which causes so much
trouble in locomotive l)oilers, is not satisfactory, and a revision is

ofifered on page 280 under Appendix A. In addition, this section of

the Manual is unsatisfactory in that it does not differentiate between

what is called "foaming" and "priming." The section as written would

lead one to believe that "foaming" and "priming" are synonymous terms,

that they stand for the same boiler conditions, whereas they are entirely

different things. The results on the locomotive are the same, water

being carried up into the steam space and over into the cylinders,

greatly impairing the output and elticieucy of the locomotive, but priming

and foaming arise from different causes, and this revision is intended

to remove the ambiguity.

I move, Mr. Chairman, that tliis revision of the ^fanual under "Foam-

ing and Priming," on page 280, l)e adopted.

(Motion carried.)

Mr. Dorley:—The Chairman requests that I briefly review Sub-

jects 2, 3i, 4, .^. and 6, on which progrc-s reports are oflFcred.

The progress report on the second subject is found in Appendix B,

under the heading "Study regulations of Federal or Slate authorities

relating to supply of drinking water on trains and premises of railroads."

Mr. Bardwell has kept in touch with the progress made in these

regulations, but he reports a lack of developments during the last year.

It seems that on account of the war conditions. State and Federal health

authorities have done very little along these lines, but it is expected that

the work will be taken up again, and the Committee suggests that it

be instructed to keep in touch with the developments in these regulations

during the coming year and make report to the next convention.

The report on Subject 3 will be found in Appendix C, "Design ol

impounding reservoirs and conditions under which they are economical."

The Committee feels that there is great need of information on

the subject of reservoirs. There is much data available in the literature

on the subject of rainfall and runoff and percolation and transpiration,

and other factors that have to be considered in designing a reservoir,

but the Committte has no knowledge of a definitely outlined method

for assigning values to these various factors and an attempt is made

by the Sub-Committee, of which Mr. Olson is Chairman, to work out

such a method.

This report is one of progress and we hope to have the report in

final shape for next year's convention.
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Stud\- of Subject 4, "Plans and specifications for typical water

station layouts," is in progress.

On Subject S we offer a report of progress. The title of this

stibject is "Suitable types of meters for use in railroad water service,

methods followed in testing and reading meters, and checking the con-

sumption of city water." This is the work of the Sub-Committee, of

which Mr. Knowles is Chairman. The report contains an interesting

history of water measuring devices from the time of the early Romans,

and their development to the accttrate devices now in use for measuring-

water. It also contains an instructive paragraph on the accuracy that

can be expected from meters of different sizes; a paragraph on a

"recommended method of reading water meters, quite an important

matter in purchase of water from cities; and water companies' methods

for testing and repairing meters, and so forth. This is offered as a

report of progress, and the Committee desires to do additional work

on the subject during the coming year.

Subject 6 is "Locomotive flue failures which may be due to im-

proper water conditions and methods of treatment to correct such

conditions." The Committee feels there is great need of information

on this subject. Flue failures are becoming an increasingl}- trouble-

some and expensive part of locomotive maintenance. As a matter of

fact, there is an epidemic of flue failures on practically all roads resulting

in a greatly reduced life of flues. Some of these failures are undoubtedly

due to the change from the old-style charcoal iron flue to the spelerized

steel flue, now generally in use ; some to the higher steam pressure

carried in modern locomotives as compared with the lower pressures of

smaller locomotives ; but the Committee is prepared to admit that a part

of this reduced life is undoubtedly due to harmful and deleterious impurities

in many waters. The present epidemic is probably due to these three

causes acting together. Mr. Bardwell, who has had charge of this Sub-

Committee, gives us, in this report, the chemistry of these flue failures,

in so far as they are produced from water conditions. I would like

to read two paragraphs that -give the remedies suggested.

(Mr. Dorley then read on page 317 two paragraphs relating to "The
cure of boiler troubles.")

Please note that, in the last analysis, the cure calls for water
purification before it is put into the boiler, rather than an attempt to

treat the water with purifying compounds after it reaches the boiler.

Vice-President Stimson:—If there is no objection, the report on

Subjects 2, 3, 4, 5, and 6, will be received as information—as progress

reports.

Mr. Dorley:—The report on Subject No. 7, "Rules and examination

questions for care of pumping stations," is found in Appendix F, on

page 318. This report of the Sub-Committee, in the charge of Mr.
Harvey, is the final report on this subject. It has been reported in

progress for a number of years and has been published in previous
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Bulletins. The Committee offers the report in its present form for

insertion in the Manual.

I move that the report on "Instructions for the Care of Water
Stations" be inserted in the Manual.

(Motion carried.)

Vice-President Stimson :—If there is no further discussion, the

Committee will be relieved, with the thanks of the Association for

their very gcod work.



DISCUSSION ON WOODEN BRIDGES AND TRESTLES
( l<'oi'. Report, see pp. 230-27.').)

(Vice-President Stimson in the Chair.)

Mr. W. H. Ho\t (Duluth, Missabe & Northern:)—Tlie report of the

Sub-Committee on Revision of Manual is pubhshed on page 240. I will

read a few of the essential features of it, to shorten the report, not be-

cause it is too long, but to bring out the fact that there have not yet been

at tliis time any extensive tests made anywhere upon large-sized sticks,

comparing treated timber with untreated timber. We found we had only

two sets of tests and these varied considerably. The results of those

tests are shown in the short table given on page 240.

The tables on pages 242, 243, and 244 give in detail the result of these

two sets of tests that I have mentioned, and the Committee recommends

no change at present in the present table in the Manual, due to the fact

that we lack the proper experimental reports to draw any definite and

proper conclusion.

The suljject of Docks and \\ harves was not considered tliis year, but

lield over for future work.

Subjects 3, 4 and 5 were coml)ined under one Sub-Committee io:

study and report. The report of this Sub-Committee is found com-

mencing on page 244 of the Bulletin. In studying this question, your

Committee was impressed with the present lack of fulfilling apparently

the requirements in the chapter on Wooden Bridges and Trestles. The

Sub-Committee studying this question are of the opinion that this chap-

ter should be revised in toto. When this shall lie done it will probably

he furtiier considered liy the Board of Direction, Init in our opinion it

should 1)e done when the Manual is revised.

The latter part of the three questions, "Draw up in unified form a

set of specifications for construction timbers and building lumber for use

on railways," brought up the question as to just what was meant or how
this question should be handled. There are two ways of handling this

cjuestion of specifications. Your Committee attempted to draw up a gen-

eral specification that might be used as a basis for drawing up any par-

ticular specification that might be needed. This was for the purpose of

trying to keep down in volume the size of the specifications as published

in the Manual. In other words, we tried to standardize the specifications.

In doing this we have considered all the present specifications of these

materials published for a number of years, specifications of the American

Society for Testing Materials, the results of the United States Forestry

Bureau's experiments, experimental results from different educational

institutions, and previous specifications published in the Manual and in

the Proceedings, and we gave particular attention to the specifications

of all the different manufacturers. The thing that we wanted to do was

not to draw details that would lie hard to manufacture, or would be sub-

ject to and require special arrangements, and consequentl}^ higher cost.

Therefore, we consulted very carefully the specifications of all the manu-
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facturers' associations—the Southern Pine, the Western Fir Association,

the Northern White Pine Association, and the Cedar Association—and

tried to embody in this general specification a basis from which we could

draw any particular specification required. One can very easily see that

if we attempted to draw up a special specification for every kind of timber

and lumber being used, a specification complete in itself, it would make
a much larger book than our present Manual, or at least fully as large

as that. The volumes of the American Society for Testing Materials

will give you a good idea of what that means. If that is done, the specifi-

cation, in our opinion, should be placed in the particular chapters on which

these materials bear. If it is the intention of the Society to draw up a

general specification that can be used as a basis, the Committee would

be very glad to know it, and would be glad to have some discussion upon

that particular point this morning. At present we submit the general

specification as drawn up for information and study for this year.

Mr. Chairman, I would invite a discussion at this time upon that

particular feature of this report. I appreciate that this report is similar

to most of the others in that you have not yet had time to read it over,

but I thought the Committee might obtain s«me opinions this morning

from the members of the Association, as to whether or not it was de-

sired to have a specification for all the different kinds of timber and

lumber, or whether a general specification could l)c drawn to cover all

forms of timber and lumber for railway uses.

Mr. W. H. Courtenay (Louisville & Nashville) :—Mr. Chairman, there

is only one comment that I will make. The Committee points out that some

railways use one kind of timber, supposed to be convenient to them, and

have specifications for that particular kind of timber. Other railroads may
use various kinds of timber.

Mr. Hoyt :—Of course, that is true. In different parts of the country

different kinds of timber are used on different railroads. If we were to

attempt to draw up a detailed specification of each kind of timber, it would

not only be bulky, liut would only cover particular locations. It was

that point of view that the Committee had in mind in trying to concen-

trate and draw a general specification that might be used as a basis from

which detailed specifications could be drawn to cover particular locations

and particular roads. The Committee simply submits this report for this

year as a progress report and study, and hopes to continue it next year.

The Sub-Committee dealing with Subject No. 6 makes no report this

year. It is giving at the present time study to the specification for tim-

ber of this kind, working with the Committee on Preservation, and will

probably have a further report to submit next year.

Vice-Presidertt Stimson :—If there is no objection, the report will be

received as a progress report and information. If there is no further dis-

cussion, the Committee will be relieved with the thanks of the Association.



DISCUSSION ON UNIFORM GENERAL CONTRACT
FORMS

(For Report, see pp. 217-225.)

(Vice-President H. R. Safford in the Chair.)

Mr. E. H. Lee (Chicago & Western Indiana) :—The Agreement form

which the Committee offers to the Association is shown in Appendix A,

page 219, and we wish to add two additional sections to that agreement.

As indicated in the portion of the report which has just been read,

your Committee feels that tmder all the conditions, taking the country

over, a really uniform contract form is difficult to formulate, one which

will adequately meet all the conditions in the various sections of the

country. The Committee feels that some of the provisions, at least, must

be largely suggestive, and with that in mind, these two additional para-

graphs which we wish to offer, are to be incorporated in the Agreement

as shown in Appendix A, as Sections 9 and 10, covering two matters

which should be covered in certain cases.

The Chair suggests it may be well to run through the "Agreement for

Grade Crossing," which "is submitted. If there is no objection, I will

simply call attention to the various headings, giving any member of the

Association an opporttmity for suggestion or discussion, in case he has a

thought to offer or an objection to make.

(Mr. Lee then read Appendix A, down to and including "Protection,"

on page 222.)

Mr. Lee:—At this point we wish to offer to the Association two addi-

tional paragraphs, one to cover the stock-guards and fence and another to'

cover the question of electrification of lines, as follows:

"Section 9. The Company reserves the right, so long as it

maintains fence up to the point of intersection of the Com-
pany's track with the respective boundary lines of the Company's
premises, to require the Company to build and maintain in good
order, proper stock-guards at the point of intersection aforesaid, for the

purpose of preventing trespass upon said Company's premises from the

track or grounds of said Company.
"Section 10. If the Company shall (during the life of this

contract) electrify its railroad at the said crossing, upon days'
written notice to the Company, the said Company
agrees to furnish, maintain and install such electric appliances, fixtures

and appurtenances at said point of crossing as may be necessary for the
safe and convenient operation of said crossing, and to the satisfaction of

the Company's Engineer."

If there is no objection that will be incorporated. With those two
additions, and with the further stipulation that Articles 9 to 16, inclusive,

be set further back so that they shall be 11 to 18, inclusive, your Commit-
tee wishes to offer the form submitted in Appendix A, and moves that

this form be adopted by this Association for incorporation in the Manual.

Mr. George W. Kittredge (New York Central).:—Mr. Chairman, the

day before I left home to come here I had submitted to me a contract which
read the same as this one does, and I was told that if a blueprint was tc
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be made a part of the contract it should not appear in the whereases, but

after "It is mutually agreed." There may be some legal reason why that

should be so.

Vice-President Safford :—Do you offer that as a modification of this

form?

Mr. Kittredge :—I give it to the Committee for what it is worth.

Mr. Lee:—The Committee would like to take this under consideration.

It may be legally unsound, but in preparing this special contract form we
follow the form of the Interlocking Contract which was accepted by this

Association. If the criticism is sound in this case it would also hold for

the Interlocking Contract.

Mr. Kittredge :—I think it would be found in hundreds of contracts.

Mr. C. E. Lindsay (U. S. R. A.) :—Articles 7 and 8 on page 222 seem

to cover largely the same ground, or are intermingled, particularly with

the protection of the crossings and the methods of dividing the expense.

\'ice-President Safford :—The motion before the house is on the adop-

tion of the Form of Agreement for Grade Crossing, and insertion in the

Manual.

(Motion carried.)

Mr. Lee:—On Subjects 3 and 4, the Committee simply wishes to re-

port progress.

Vice-President Safford:—Any further discussion? If not, the Com-
mittee will be excused with the thanks of the Association.



DISCUSSION ON ECONOMICS OF RAILWAY
OPERATION

(For Itepoit, see pp. 131-113.)

(Vice-President Safford in the Chair.)

Vice-President Safford :—The report of the Committee on Economics

of Railway Operation will be presented by Colonel F. \V. Green, Chair-

man. Colonel Green has been "over there" and has just returned. We
doubly welcome him. (Applause.)

Colonel F. W. Green (Twelfth Engineers, U. S. Army) :—Mr. Presi-

dent and Gentlemen—I thank you for this hearty welcome. I have been

out of the railway service so long that I confess utter ignorance of the

operations of this Committee on "Economics of Railway Operation," and

I am so certain that I cannot present the report because I know nothing

about what is in it, that I am poing to ask the President of the Associa-

tion to indulge me to the extent of permitting the Vice-Chairman of the

Committee, Mr. Hendricks, who has always done the work of this Com-

mittee, to present the report this year.

Mr. V. K. Hendricks (St. Louis-San F^rancisco) :—Mr. Chairman, on

behalf of the Committee I want to express the appreciation and pleasure

we feel at the return of Colonel Green. He has been away from us a year

and a half, doing a "big bit over there."

The report of the Committee is merely a report of progress on Sub-

jects 1, 3 and 5, and on Subject 2 there is merely a brief discussion. The
investigation on the collection of data on operating costs indicates that

a thorough study of existing cost data would be a very expensive proposi-

tion. It would require a paid force to make it, and while the Committee

recommended last year that such study should be made, it now feels that

the data would be of questionable value, on account of the changes in

unit prices, and that it would be better to study the methods of analyzing

costs, rather than to study costs themselves, and on this subject merely

reports progress. I do not believe it is worth while to read the Sub-

Committee's report on that subject.

On Subject 4, "Report on the economic length of operating districts,"

the question has been gone into at some length, but as this question i;.

dependent on a full consideration of all the varying features entering into

it, and the application of good judgment, no definite recommendation is

made.

On page 436 there are some general principles given that should be

kept in mind in connection with determining the economic lengths of

operating districts, these being as follows:

"(a) The number of terminals at which trains are switched and
engines dispatclied has a direct bearing on the cost of operation and
should be a practical minimum.

"(b) It is advantageous to so locate terminals that locomotives will

haul full tonnage rating over the entire operating district.

"(c) It is advantageous to locate terminals at the intersections of
natural railroad routes which will develop into important gateways."
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It is considered hy the Committee tliat it is liardly wortli while t»i

phicc this in the Manual at this time. Tiie Committee recommends thru

this report be accepted as information.

Mr. J. L. Camphell (,E1 Paso & Southwestern) :— This is a subject on

which the Association should have the benefit of the experience and co-

operation of distinctly operating men. I suppose such representation on

the Committee is already adequate. 1 f not, it should be enlarged by the

addition of operating nun now members of the .\ssociation. If more
operating men are needed in the membership they should be secured. I

believe it will be recognized by this Association that this Committee is,

perhaps, one of the most important of all the committees. It opens a

new field of activity for the Association in which increased usefulness

and efifectiveness for the transportation business may be attained.

Mr. Hendricks :—In this connection, the personnel of the Commit-
tee does include a good many operating men, but unfortunately during

the past year the conditions have l)ecn such that they could not devote

time to this work, and 1 am >ure that wc all regret that they have not

lieen able to do so to a greater e.xtent.

In regard to this particular Sub-Committee No. 4, Mr. Brooke was
the chairman of that Committee, and he is an operating man. It is sub-

stantially through his efforts that this Sub-Committee report was W'Orked

up. .\ copy was sent to all the memliers, including the operating men.

There was some discussion of it, l-.ut not a great deal of criticism. I

feel, as Mr. Campbell does, that the operating people should co-operat?

in getting this work into shape, as it is very important.

Colonel Green :—The speaker regrets that his military obligations were

such that he has had no time to give consideration to these matters here-

tofore. It seems to him that just at the present time the work of this

Committee is going to be especially difficult, for several reasons: First,

wc are in a period of flu.x, as we all know ; labor costs and material costs

are reaching unheard-of figures and it is almost impossible for anyone to

estimate to-day with and degree of accuracy what these costs will be to-

morrow, or a year from now, or three years from now. The international

financial situation is such that a man would have to be indeed a good
prophet who could prophesy with any degree of accuracy what mon;y
is going to cost in one year from now or ten years from now, or whether

monc}' will be available for these matters.

The true significance of the term "Economics of Railway Operation"

is, of course, to secure that combination of facilities and the operatinsi

organization which will result in the least total expenditure of money.

Both of these items will he variable and uncertain, and it seems to me
for the next year or two, possibly, the work of this Committee will have

to be confined to the establishment of principles, rather than the develoj)-

ment of any definite method for ascertaining costs. That is somethin.-?

that has just occurred to me since I have been here. I may be wrong on

it, but if anyone has given thought to the subject, I would like to hear

from him.
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Mr. Hendricks :— I move that the report be received as information.

(Motion carried.)
•

, , , i

Vice-President Safford :—The Committee is reheved, with the thanks

of the Association.



DISCUSSION ON ECONOMICS OF RAILWAY LOCATION
(F'or Report, see pp. 752-755.)

(Vice-President SafForcl in the Chair.)

Mr. C. P. Howard (Interstate Commerce Commission) :—Five sub-

jects were assigned to this Committee. Some oj' the member.s were in

military service, and practically all were deep in War work throughout

the entire period of time. Onlj- one Sub-Committee submitted a report,

Subject 3 (aj, "Effect of curvature on cost of maintenance of way."

I would like to call attention to the fact that though the text of

this report is brief, the conclusion indicated bj- the data submitted is

entirely new and altogether different from the theory heretofore accepted,

that curve expenses, including rail wear, generally vary directly with

the degree of central angle, irrespective of the degree of curve. It

has been known a long time that sharp curves were verj- objectionable,

Wellington to the contrary notwithstanding; but this is the first time

as far as known that any data has ever been submitted, tending to

show that excess rail wear on curves, and perhaps some other curve

expenses, varj- with the square of the degree of curve.

This data and the conclusion that might be drawn from it would

necessitate a radical change in the ordinary rules for the negative value

of curvature, and it is hoped that discussion of the subject and especially

the submission of additional data from the railroads will throw further

light on the subject and enable us to reach a positive conclusion in

the matter.

Mr. G. J. Ray (U. S. R. A.) :—I would like to ask whether, in con-

sidering the data received, any attention was paid to the question of

elevation on the curves in making comparison. That has a ver>' vital

influence in considering the matter for this reason : fn the case of

all freight traffic you would have very low elevation; in the case of

combined freight and passenger traffic, when you have a high elevation,

with freight trains moving at a slow rate of speed, the condition is

about the worst possible.

Mr. Howard :—This does not give the elevation on curves. It covers

two divisions of the Pennsylvania Lines, and I suppose the elevation is

such as is usual. We have only been able to get data from one rail-

road, though we have circularized various roads.

Mr. C. E. Lindsay (U. S. R. A.) :—I happen to know that these

particular tracks are used for both freight and passenger and are

probably elevated for about -W miles an hour.

Mr. Howard :—It is not so much the amount of wear as the fact

that it increases as the square of the degree of curve.

Mr. W. H. Courtenaj' (Louisville & Nashville) :—Mr. Chairman,

we have a new line that runs up the gorge of the upper Kentucky

River, where there are a great many 10-degree curves, a very heavy

per cent, of curvature. The business consists nearly altogether of coal

carried out in 10,000-lb. capacity steel hoppers. The outer rail was
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originally elevated for a speed of 35 miles per hour. We had so many

derailments of those steel hopper cars, which I think were properly

attributable partly to the condition of the track, partly to the inferior

construction of cars, that wc issued a strict order that trains carrying

those steel hoppers should not exceed at any time 20 miles per hour. W'c

cut dowai the superelevation and made the outer rail correspond to a

speed of 20 miles per hour. An in-ynediate and striking efifect of that

was a very rapid wear of the outer rail, and the difficulty of getting

new rails delivered was so great that we restored part of the supereleva-

tion and made it a little more than that corresponding to a speed of

25 miles per hour.

I appreciate the very great value to all railroad men of getting

as precise data as is possible pertaining to the wear of rails on dif-

ferent curves, but in the ordinary maintenance and operation of a

railroad it is difficult to get data which is scientifically precise, for the

simple reason that rails are sometimes renewed on a given railroad in

a less state of wear than they are at other times. Our experience on

coal-carrying lines with 10-degrec curves is that the rail on 10-degree

curves ought to be renewed at intervals of about four years.. On
6-degree curves we can count on a life of eight years, and for straight

track about twelve or thirteen years. While those are very rough

figures, I apprehend it will he very difficult to get figures which are so

nearly correct as to be useful data upon which this Association could

base any general conclusion.

Mr. E. R. Kattc (New York Central):—In stu(l\-ing rail wear, I

would suggest co-operation with the Motive Power Engineers. We
know that the wheel flange wear on certain types of locomotives is

very much greater than on others. A great deal of thought has been

given to producing a device which will tend to center the forward

truck after leaving a curve, or upon entering a curve. It seems to

me that if this Committee would call in some of the Motive Power
Engineers, the efforts of the two interested parties might result in

developing centering devices which would save both rail and wheel wear.

Mr. Courtenay :—There is one other thing that I omitted. The wear

on the curves was so great that we went to oiling the flanges, and at

certain curves we actually oiled the gage .side of the head of the outer

rail. That is a laborious undertaking, but it apparently reduced the wear.

To what extent, I cannot say.

Mr. Howard:—I might say for Mr. Courtenay's information, thai

this report Irom the Pennsylvania Lines was originally made on just

that subject, to determine whether or not it paid to oil rails, and this

data and the study of the rail wear was obtained from that investi-

gation. .'Ml tlial pari about oiling the rail has been left out of this

report.

As to ascertaining the time a rail has lasted in a curve, the Inter-

state Commerce Commission is doing that now everv day. They go
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over miles of railroad and look at the liraiid on the rail to find out

how long it has been there on a curve or on a tangent. .Vnd it is not a

-difficult matter to determine that.

Mr. Ra\ :— It is- difficult to tell exactly how long rail will wear

on a curve. It must he remembered that you must have the same

identical kind of rail nn the curves that you are comparing. On our

road, we have several curves that we use as test curves, and we make
comparison by laying alternate rails around the curves, ten of one

kind, ten of another, and ten of another. We find, for example, that

ten rails of one sort will wear off about half as fast as the next ten

rails, and you can readily sec if you are going to make a fine calculation

as to the rate of wear on difl^erent degrees of curvature,-, you have got

to have the conditions the same. You have got to have the same kind

of rails. Your comparison is not worth anj-thing as a mathematical

fact unless you have all the conditions identical. I should say it would

be a very foolish conclusion to come' to, that the wear on a curve

varies with the square of the degree of curvature unless you have a

sufficient amount of data to absolutely prove the case. It may be

that it is somewhere near right. I should judge from all observations

of the matter that it probabh' is in some such ratio, but you will always

find when you go into it extensively that the wear on a curve varies

in accordance with the kind of rail.

Mr. Howard :—W'e did not intend to offer that as a conclusion.

We simply stated that the data submitted by the Pennsylvania Lines

seemed to indicate it and we have asked for additional data which

will either corroborate or disprove it. That is the only data we have,

and that is what it seems to indicate.

Mr. J. L. Campbell (El Paso & Southwestern) :— I hardly believe

the case for this diagram is quite as uncertain or bad as indicated In"

Mr. Ray. It embodies results on two operating divisions, including a

large variety of curves, rails and quality of rails, consequently it does

have some value. Such observation, extended over thousands of miles

of road, including all classes of rail, would add greatly to knowledge of the

subject. I believe there is enough value in this diagram to justify our

careful consideration.

Mr. W. M. Camp (Railway Review):— I think Mr. Kattc mentioned

a subject that was very important in connection with this matter, and

it is a subject which seems to have been dropped in recent j'ears. There

have been many investigations made as to the characteristics of loco-

motive wheel base, such as the question of omitting the flange on

certain of the drivers, and the manner of truck attachment to the loco-

motive—whether by a rigid center or by swing hangers. There have

been many experiments with, or rather observations of, different wheel

base arrangements on sharp curves, more especially by the mechanical

department, with a view to avoid derailments. When the last investiga-

tion of this question was made by, \ think, the Master Mechanics'
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Association, they decided there was no advantage in omitting the flange

on any of the drivers of a 10-wheel engine. I know that conclusion

was rather surprising to road department officials, who had an idea

that the flanging of the intermediate drivers was more or less severe

on the track.

I do not know of any case where these experiments have taken the

direction of determining rail wear; in other words, what has instigated

these experiments in the past has been expediency, or how to keep

locomotives on the track, and how to avoid spreading the rails on

curves. Of course, it might be inferred that where the operation of

the locomotives was severe on the gage of the rails the wear also

would be severe. I know of an instance, once, where that matter was

being looked into, and I was privileged to accompany the officials who
made the investigations. We found steel splinters tooled from the

rails, one of them 22 in. in length : I mean a steel sliver of that length

that had been cut from the rail head by a wheel flange. There it was

clearly shown that the wheel base arrangement of the locomotives was

wearing the rail very rapidly, to the extent of actually cutting oflf

steel, as a tool would do in a lathe.

I think that in some previous years it was proposed that the Track

Committee of this Association should try to co-operate with some
committee of the Master Mechanics' Association. Nothing came of

it, but I think it is time, since this question of rail wear has come up,

that the Board of Direction lay out a plan whereby some committee of

this Association should meet a committee of the Master Mechanics'

Association (which now goes by another name) and try to work out

something definite in this direction ; try to determine what may be the

effect of flanging all the drivers of a locomotive of long wheel base;

what the effect of the method of attachment of the front truck may
be, not only as to the operation of the locomotive, but as to the relative

resistance of operation on curves.

This question of rail wear seems to he increasing in importance. A
good many think that the quality of rail steel has been deteriorating

somewhat in recent years. I believe it is a very live question, and one

to be taken np by this Association in co-operation with the mechanical

associations.

Mr. John G. Sullivan (Canadian Pacific) :—There is one point that

Mr. Katte brought out. that I think would be of great advantage if

we carried the idea out. I trust that he will have a little better recep-

tion than I did when I was making a study of curve resistance and I

tried to find out about what percentage of ordinary freight-car wheels

were removed from the cars for sharp flanges, in cases where one

flange only was sharp. I got that information and it averaged about

75 per cent, of the car wheels that were removed from the freight car.s

had one sharp flange, and I asked a mechanical man what was the cause

of that, was it mismating or was it because the truck was out of square?

He said, no ; neither one—it is vour durned track.
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In connection with that study, it would lead mc to agree with Mr.

Raj', I think it was, who said that the friction wear was a little less

on high elevated track than when it was lower, contrary to what a good
many of us, at least what I had in mind, there was not sufficient coning

of the wheels to take up the difference in length say of a 12 or 14

or 16-degree curve.

I don't think that the leading wheel of a truck on the inside of a

curve ever slips backward. On the contraiy, the outside wheel will

ride on such a large diameter that there is no slipping, only the slipping

due to resistance. To illustrate that by an automobile, if j-ou put speed-

ometers on the rear and forward wheels of yoiir car, you will find that

you get greater mileage from your rear wheel speedometer. If we would

reverse that, if we would take the case of an automobile coasting down-
hill, and we could have the same resistance that was required of the

driving wheel, I am inclined to think that the wheel to which this

resistance applied will give less mileage. I think in general that the

forward wheel of a truck going around a curve will give you less

mileage if it was on a speedometer than the wheel actually makes.

Mr. J. L. Campbell :—We have a standard gage branch line in the

mountains surmounting an elevation of 4,000 feet in 26 miles. It is

built on a 5 per cent, grade and with about as many thirty-degree

curves as could be put into it. The line has been in operation twenty

years. During the Winter season about two trains per week are op-

erated. During the Summer season daily service is maintained, there

being a summer resort on top of the mountain. The original rail is

still in the track, some of it having been changed over on curves ac-

count of wear. W'hen the line was put into service, the rapid wear

of the rail account of curvature resulted in the invention by one of the

locomotive engineers of an attachment to the locomotive whereby water

was sprayed on the rail in front of the leading truck. This lubrication

by water greatly reduced the rail wear. At one time use of the device

was discontinued, but resumption of rapid rail wear and frequent

derailment led to prompt renewal of the water lubrication.

(Mr. Howard's motion was put to vote and carried.)

Vice-President Safford :—The Committee is excused, with the thanks

f)l' the Association.



*UNIFICATION OF TERMINALS—SEATTLE DISTRICT

ADDENDA TO REPORT ON YARDS AND TER^IINALS.

The unification and consolidated operation of terminals at Seattle and

what is known as the Pnget Sound District at the outset presented about

as difiicult and baffling a task as any we have had to contend with in the

Northwestern Region. The terminal facilities in Seattle alone was a hard

luit to crack when it came to laying out a plan of unified operation, and

the Puget Sound territory was so co-related to the Seattle problem that

it was necessary to take into consideration the entire territory forming

and skirting the southern and eastern boundary of Puget Sound. There-

fore, the territory bounded on the north by Everett, Wash., and on the

south by South Tacoma was merged into what is known as the Puget

Sound Terminal District, and the consolidation and unification of opera-

tion of same was studied out and efifected as one large terminal. Figur-

atively speaking, we have in this district a three-link chain : The northern

link made up of the Evcrctt-I3clta yards and terminal-; llu- middle link

made up of the Seattlc-Aul)urn terminals, and the southern link made up

of the Tacoma-South Tacoma terminals.

To best describe the unification of these terminals it would seem best

to divide thom into three subjects: (A) Organization; (B) Unification

and Consolidation; (C) Operation.

(A) ORGANIZATION.
The entire Puget Sound Terminal District is under the jurisdiction

and supervision of a Terminal Manager, located at Seattle. Each of the

unified terminal yards or links (as described above) is supervised as

follows :

Delta Yards, at Everett, under the Division Superintendent of the

Great Northern Railroad, who reports direct to the Tenninal Manager at

Seattle.

The Seattle and Auburn terminals are operated under the supervision
of a Terminal Superintendent, who reports directly to the Terminal Man-
ager at Seattle.

The Tacoma and South Tacoma terminals are under the direct super-
vision of the Division Superintendent of the Northern Pacific Railroad,
who reports directly to the Terminal Manager at Seattle, except that a

small portion of the terminal yard of the Chicago, Milwaukee & St. Paul
Railroad, which has not as yet been connected, is operated separately im-
der the jurisdiction of the Division Superintendent of that road, who also
reports directly to the Terminal Manager at Seattle.

Thus the entire organization for the operation of these terminals is

wholly under one supervision, separate and distinct from that of the own-
ing roads.

(B) UNIFICATIONS AND CONSOLIDATIONS.
The unifications and consolidations accomplished at each of the ter-

minals mav be brieflv described as follows

:

*Fi-oni information furnished hy R. H. Aishton, Kes-ional Diiector, North-
west Region (Chica.s^o), and L. G. Gilman, Distiict Director (Seattle), T^. S.
Raih'oad Administ lation.

924
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EvKRKTT, Wash. (Scrvid l)y C, M. &• St. P. R. R. ; G. X. R. R. and

X. P. R. R.)

(1) Yards. The switching and repair yards of the three railroads,

which prior to inntitation were operated separately, have been connected
up with track connections and merged into one corrimon yard, operated
nnder one yard office.

(2) Roundhouses. The Great Northern roundhouse is used by all

lines.

(3; Freight Houses. The freight houses of the three roads named
iiave been consolidated. All L. C. L. freight is handled through the Great
Northern freight house, under one agent.

(4) Passenger Stations. The Chicago, Milwaukee & St. Paul and
the Northern Pacific passenger stations have been consolidated, the

Northern Pacific station being used by these two lines. The Great North-
ern passenger station is so located that consolidation with the other two
lines was not practicable.

Seattle & Auhukx Tekmi.nals. (Served by the C, M. & St. P. R. R. ; G.

N. R. R.; N. P. R. R. ; O.-W. R. R. & N. Co., and Pacific Coast R. R.)

(1) Yards. Prior to the government control all of these roads
maintained and operated separate terminals. In the north end of the city,

at Interbay, was located the Great Northern yard; in the center of the

cit}-, serving the majority of the industries, was the Northern Pacific

yard; in the south end of the city were the yards of the Chicago, Mil-
waukee & St. Paul and the Oregon-Washington Railroad & Navigation
Lines. The location of the yards and the layout of the city of Seattle did

not make it practicable for the merging into one yard, but such additional

track connections as were necessary were made and all of these terminal
}'ards placed at the dispo-^al of all the roads for their common use.

For operating purposes, later described, the Seattle terminals were di-

vided into three districts: A, south end of the city; B, center of the city;

C, north end of city. District B has a general yard office, with jurisdic-

tion over districts A and C.

The Auburn yard of the Northern Pacific is still operated separately

from their central yards, but as a part of the Seattle terminal. In con-
nection with the Auburn jard, the Northern Pacific has a transfer shed
and platform for handling L. C. L. freight, which is further described un-

der "Operation." Car repair jards have been consolidated and all repair

work is done in one yard.

(2) Roundhouses. Roundhouse for district A is used for taking
care of freight and passenger engines of the C, M. & St. P. and O.-W. R.
R. & N., also the switch engines serving this district. The roundhouses
of the C, M. & St. P. and the N. P., which are located in district B, are
used for N. P. freight and passenger engines ; also switch engines serv-

ing this district. A few of the heavier engines of the C, M. & St. P. are
taken care of at these roundhouses. The roundhouse of the Great North-
ern at Interbay is used for roundhousing freight and passenger engines
of the G. N. and switch engines used in district C.

(3) Freight Houses. The volume of business in and out of Seattle

made consolidation of freight houses impracticable. Therefore, the indi-

vidual lines' freight houses are still in use. *

(4) Passenger Stations. The passenger station facilities at Seattle

have been consolidated, although no station has been abandoned. There
were, and still are. two stations, but the organizations have been merged
into a single one, the two stations being operated under one station super-
intendent.



926 U n i f i c a t i on of Terminals

Tacoma and South Tacoma. (Served Ijj- the C, M. & St. P. R. R. ; G. N.

R. R.; N. P. R. R., and O.-W. R. R. & N. Co.)

(1) Yards. The Great Northern terminal was abandoned entirely.

Track connections were made between the N. P., O.-W. R. R. & N. and
a greater portion of the C., M. & St. P. yards, thus merging the entire

terminal into one large switching yard, the switching being performed
by the Northern Pacific. They have one joint yard office, and the entire

operations arc under the jurisdiction 'of the division superintendent of the

Northern Pacific, reporting to the Terminal Manager. The small portion

of the C., M. & St. P. yard not connected is operated individually by that

road under its Division Superintendent, reporting to. the Terminal Man-
ager.

Repair yards of the N. P. and the O.-W. R. R. & N. have been con-

solidated, and repairs handled in one yard.

(2) Roundhouses. The Northern Pacific roundhouse is used by the

Northern Pacific and Oregon-Washington Railroad & Navigation Lines.

The Chicago, Milwaukee & St. Paul has separate roundhouse facilities.

(3) Freight Houses. The freight houses of the Northern Pacific

and the Oregon-Washington Railroad & Navigation Lines have been con-
solidated, the Northern Pacific house being used, under the supervision
of one agent. The Chicago, Milwaukee & St. Paul still maintains a sepa-
rate freight house.

(4) Passenger Stations. The passenger station facilities of the
Northern Pacific are now used b}^ all lines.

(C) OPERATION.

Operations within the Puget Sound Terminal District are directly in

charge of a Terminal Manager, located at Seattle. The jurisdiction of the

Terminal Manager extends from the boundary of the terminal district

within the zone bounded on the north by Everett, W^ash., and on the

south by South Tacoma, Wash. The indivdual lines operate their trains

in and out of the district proper, and there is no transfer necessary at the

boundary of the terminal district. The Terminal Manager is directly re-

sponsible, however, for all operations within this district. The jurisdic-

tion of the owning road is cut off at the boundary line.

Everett, W^ash.

The terminals at Everett and what is known as the Delta Yards are
under the direct supervision of the Division Superintendent of the Great
Northern, who reports directly to the Terminal Manager at Seattle. In
the 5'ards there is one yard office maintained. The roundhousing is per-

formed by the Great Northern Railroad. One freight house is in opera-
tion, that of the Groat Northern, operated by one agent, through which all

L. C. L. business is handled. There is one passenger station in use by the
Northern Pacific and the Oregon-Washington Railroad & Navigation
Lines, the station being that of the Northern Pacific. The Great North-
ern operates its passenger trains in and out of its own station.

Seattle, W^ash.

_
For operating purposes the yards and terminals at Seattle have been

divided into three separate districts. District A. located in the south end
of the city, formerly comprised the Chicago, Milwaukee & St. Paul and
the Oregon-Washington Railroad & Navigation Lines' yards and ter-
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minals. District B is located in the center of the city and is what for-

merh- comprised the Northern Pacific yards and terminals. District C is

located in the north end of the city, and is what was formerly the Great

Northern yards and terminals.

The Seattle terminals are directly in charge of a Terminal Superin-

tendent, who reports to the Terminal Manager. All of the districts, A, B
and C, are vmder the direct supervision of a general yardmaster, \yho re-

ports to the Terminal Superintendent. A yard office is maintained in each

district, reporting to the general yard office, which is located in district B
(the central district). Each of these districts has roundhouses, which
are used jointly. The roundhouse in district A, on the 0.-\V. R. R. & N.

property, is used for freight and passenger engines of the O.-W. R. R. &
N. and the C, M. & St. P.; also for switch engines serving this district.

There are two roundhouses in district B, the N. P. property and the C,
M. & St. P. property. These arc used for Northern Pacific engines and
switch engines serving this territor3^ Some of the heavier power of the

C, M. & St. P. also use these roundhouses. In district C is located the

Great Northern roundhouse, at Interbay, which is used for freight and
passenger engines of the Great Northern, as well as the switch engines

serving this district.

The yard operations have been apportioned in accordance with their

geographical location in relation to the traffic. District A is used as a

receiving and break-up yard for traffic coming in from the south, trans-

fers being made from this yard to district B—known as the middle yard.

To the north, district C is used as a receiving yard and also as a break-up

yard for traffic coming in from the north, and also from the east via the

Great Northern. From this district cars are transferred to district B
(the middle yard). The cars thus assembled in district B are distributed

to the industries and docks within the city. There are a few docks of the

Great Northern Railroad and the Port Commission which are located ad-

jacent to district C. Distribution to these docks is made direct from the

Interbay yard. District B (the central jard) is also used as a make-up
yard for outgoing trains.

All of the individual lines' freight houses are still maintained as be-

fore, the heavy traffic making consolidations impracticable at this time.

The passenger traflic at Seattle is handled from two stations, but under a

single organization, one station superintendent having supervision over

both stations.

Auburn

The operation of Auburn yard of the Northern Pacific is under the

direct supervision of the Division Superintendent of that road, who re-

ports to the Terminal Manager. This yard is used by the Northern Pa-

cific for consolidation purposes. Merchandise moving from Tacoma and
Seattle to points in the interior is here consolidated in order to secure

heavy tonnage per car. The Northern Pacific has a transfer shed and
platform in the Auburn yard for handling L. C. L. freight. About seven-

ty-five cars of merchandise per day are handled at this shed and plat-

form.
Tacoma

The terminal yards of the Northern Pacific and the Oregon-Washing-
ton Railroad & Navigation Lines and a portion of the yards of the Chi-

cago, Milwaukee & St. Paul have been consolidated into one yard, the

terminals of the Great Northern being abandoned. The joint }-ard is

operated under the supervision of the Division Superintendent of the

Northern Pacific, which roads performs the switching service. Such
Chicago, Milwaukee & St. Paul operations as are not connected with the

joint yard are under the direct supervision of the Division Superintendent
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of that road. Both tlicsc oftkials report directly to the Terminal Manager
at Seattle. The joint yard contains one yard office, and the small C, M.
& St. P. yard also has a small office.

The Northern Pacific freight house takes care of business of both

the Northern Pacific and the Oregon-Washington Railroad & Navigation

Lines, under the supervision of one agent. The Chicago, Milwaukee &
St. Paul has its own freight house. The Northern Pacific roundhouse is

used jointly by the Northern Pacific Railroad and the Oregon-Washing-
ton Railroad & Navigation Lines. There is one passenger station operat-

ing at Tacoma, that of the Northern Pacific, its facilities Ijcing used by
all roads.

Car Distrlbution

The distribution of cars within the Puget Sound District is made
liy the car service assistant of the District Director, who is located at

Seattle. All freight eciuipmcnt within the Seattle terminals is pooled re-

gardless of ow'nership. The empty cars are distributed to terminal lines

for road haul by the car service assistant. Interchange reports are re-

quired of the terminal organization, these reports being rendered to the

terminal lines, which indicate the cars as received at the terminal and
also the cars delivered to the terminal lines in departing trains. The de-

murrage accomits arc handled through the general yard office at Seattle.

Thus we have a joint operation within the Puget Sound District un-

der the separate management of the Terminal Manager, who reports di-

rectly to the District Director. The properties of the individual railroads

have been left intact and their separate facilities have been used as units

to make up the general scheme of unified operation. The operation of the

Puget Sound terminal district, while apparently presenting insurmount-

able obstacles, has been worked out in such a way as to make it an ideal

one from the standpoint of efficiency and economy. The operations as

at present could without doubt be continued advantageously under private

control.
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A STUDY OF THE MECHANICS OF CURVE RESISTANCE

By John G. Sullivan

Consulting Engineer, Canadian Pacific Railway

This is a subject that the writer has been interested in for a great

many years and as Chairman of Committee XVI—Economics of Rail-

way Location, American Railway Engineering Association, he has had

occasion to study several theories on this subject, even to the theorj'

that curve resistance was caused by the friction between the inner

wheels and the inside rail of the curve on account of the obliquity of

traction. The majority of theorists, however, give centrifugal force the

center of the stage as one of the main factors in this problem.

The Economic Theory of Railway Location, by A. M. Wellington

(6th edition) states in paragraph 296, pp. 283 and 284: "The coning

now put in wheels is chiefly useful as a prospective provision for wear

;

and experiment shows that whether the wheels be coned or not, the

tendency of any rectangular ivheel-base is to roll very nearly in a

straight line." This statement appears logical, but unfortunately it is

not entirely true, as the writer will try to prove further on. What Mr.

Wellington said years ago is still true, paragraph 292, page 281 : "Curve

resistance has never }et been exhaustively investigated, and our knowl-

edge is in several respects deficient." The late A. M. Wellington seemed

to have the most accurate knowledge of the actual conditions of any

authorit}' that the writer has ever read, still, we cannot agree with some

of his conclusions. For instance, paragraph 314, page 294, in speaking

of the conditions that exist as shown in his Fig. 31, same page, states

:

"The consequences of this condition of things are these: first, the dis-

proportion in the diameter of the wheels : hence the necessary longi-

tudinal slipping, and hence the curi'e resistance, is materially increased.

If the increase of radius of wheel be 3/16-inch, the extra distance

slipped through per station of 100 feet by one wheel will be 1.16 feet."

Now the writer believes, which he hopes to prove later, that the em-

phasized statements are exactly opposite to the facts.

Referring to the theory of centrifugal force in this problem, the

writer believes that with track having anything like the correct elevation

of the outer rail, this is a very minor factor, that as far as the action

of centrifugal force on the car body is concerned the result is simply

the placing of more or less weight on the outer rail. Centrifugal force

acting on the truck may aflfect the problem to a slight degree.

Regarding the theory of obliquity of traction, this theory, of course,

is absurd, for we have on all railroads positive evidence that the flanges

of railway wheels cut away the head of the outside rail, while the evi-

dence is plain that there is no flange wear against the head of the inner

rail.
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The writer has no doubt that this obliquity of traction has a slight

effect on the problem, but that this effect is very small is proven by the

fact that a locomotive will practically push as many cars as it will

pull. In the first place, the obliquity of traction is forcing the equip-

ment against the outside rail in addition to the other force that make

the flanges run against the outside rail, while in the latter case the

obliquity of traction is pulling the cars away from the outer rail, there-

fore, if this force was of any great moment, doubling the effect as in

the cases mentioned would be more apparent than it proves to be in

actual practice.

The writer is well aware of the fact that it is easier to tear down
than to build up and the reader will rightfully say, "What is the good

of all this criticism unless we can get some constructive material in

its place?" To this the writer will have to admit that he cannot offer

any scientific formulas that will satisfactorily explain actual curve re-

sistance as we find it in practice. On the other hand, the writer has

never seen in print a statement of what he considers the real reason

why all outer wheels of railway equipment exert a pressure against the

outer rail on a curve. Wellington states it is the rigid rectangular shape

of the wheel-base. Those who pin their faith on the centrifugal force

theory would make you believe that the wheels press against either the

inside or outside rail, depending on the elevation of the outer rail in

reference to the velocity ; this we know from experience and practice is

not true.

The reason all wheels of modern equipment, regardless of degree

of curve, speed of train or elevation of track (within reasonable limits)

exert a pressure against the outer rail on a curve, is the fact that a

revolving , cylinder tends to rotate in a straight line perpendicular to the

axis of rotation; or to reverse this proposition, to make a revolving

cylinder move in a direction not parallel with a line perpendicular to

the axis of rotation reqnires a greater force than the force necessary

to rotate the cylinder in a straight line perpendicular to its axis of

rotation. If our wheels were manufactured with flat treads and vertical

flanges on account of their being fastened rigidly to the axle, we would

have in practice our equipment carried on revolving cylinders with a

portion of the cylinder cut away, and if this were the case I believe it

would be possible to devise formulas that would correctly represent

actual amount of curve resistance. The writer's ideas can be made
clearer by reference to Plate 1, Figs. 1 and 2, which represents a four-

wheel rectangular truck with wheels rigid on the axle, rigid wheel base

and flat tread. The smallest force necessary to move this truck is the

one required to move it on a straight line perpendicular to the axis of

rotation of the wheels. The force necessary to move such a truck

parallel to the axis of the wheels would be the weight of the truck

multiplied by the coefficient of friction between the truck wheels and
the surface on which it was skidded. If we represent these two forces

by y and x, respectively, and assume that we have a power at B
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moving in a straight line CB, such as a locomotive on a truck and

that this locomotive was attached by a flexible rope or cable to the

center pin of the truck at C, the connection being made by swivel and

other details so perfect that the truck would maintain the same rela- .

tive position while it was being moved along line C'B', the trucks would

take the position so that the tangent of angle (a) made by the cable

C'B and a line parallel with the axis of the trucks passing through C'

y
would be constant and equal to — and the strain in the cable would be

.r

equal to Vy'-fx' and resolving this force C" B" into two forces, one

PLATE I

ii^

K

V
FIG. 4

\

SKETCH ILLUSTRATING WHY ALL

WHEELS OF MODERN RAILWAY EQUIPMENT M'y-

EXERT A PRESSURE AGAINST THE OUTER "^

RAIL WHEN PASSING AROUND A CURVE . H'

NOTE:Nofro stale. visabour2

Tan. a = ^

CV = C"B"sin.(^-a)

Cbc = C"B"cos.(^*a)

I
FIG 3 Copcf diagram)

f;g I

parallel to the line C'B' and the other perpendicular to this line, we get

the actual pull in direction C'B' equal to C"y" and the pull on the loco-

motive at right angles to the track is equal to C".v"; if we. give a

definite value to angle it would be easy to obtain actual values of

.r and v. Instead of allowing the truck to take the position indicated

in Fig. 2, if there were small cleats {R.R. and R'R') nailed on the flat

surface on which it is assumed the truck is moving as indicated in Fig.

1, neglecting the amount of friction between the wheel and the cleat,

the pull on the locomotive .would be C"y" and the pressure against the

cleats would be C"x". Now, instead of having a straight line CB. if we
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have a curve line passing through C we could replace the two cleats

by a curved rail and have almost identical conditions. If we then had

a flat tread wheel and vertical flange as shown in Fig. 4 with correct

elevation, half the axle load would be on the outer rail and the hori-

zontal pressure against the outer rail would be the total load on the

axle multiplied by the coefficient of friction necessary to skid the wheels.

This force acting against the flange of the rail, something in the posi-

tion of the line AB shown in Fig. 5 might be susceptible of a mathe-

matical solution and w^e could no doubt get formulas which would cor-

rectly represent curve resistance as we know it to exist. Now every-

thing that has been said in regard to the truck in Fig. 1 and Fig. 2

would be actually true if applied to a single set of zvheels.

It is generally conceded that curve resistance amounts to approxi-

mately 0.8 lbs. per ton of load per degree of curvature. A great many

believe that the major portion of this resistance consists in the skidding

of the wheels in a longitudinal direction on account of the difference

in length of the inner and outer rails. If this skidding actually took

place the diiiference in length between the inner and outer rails on a

one-degree curve for a distance of 100 feet being approximately 1 inch :

one-half the load on the wheels would have to be skidded 1 inch or if

the skidding backwards and forwards were equal, the entire load would

have to be skidded J^ inch, and even assuming a large coefficient of fric-

tion for a moving body, say 22 per cent., a little calculation will prove

that the work done in this skidding would only account for ^ of the

0.8 lbs. mentioned above.

In order to check the writer's ideas that the greater portion of

curve resistance was caused by the pressure of the wheels against the

outer rail, caused by the tendency of a cylinder to rotate in a line

perpendicular to its axis as mentioned before, the writer had a long

8° 10' curve leading ofif the yards in Winnipeg carefully measured up.

He then calculated what diameter the inner and outer wheels should

be, so that in passing around this curve if the theory of coning proved

correct there would be no flange pressure on either rail, in other words,

the diameter of the wheels was made directly proportional to the length

of the two rails on an 8° 10' curve. These wheels were turned with

a standard flange but with a flat tread ; they were put under C. P. R-

steel flat car 311074, 36' 10" long, 5" x 9" journals, a simplex truck

frame, center to center of axles 5' 4", center to center of trucks 26' 7"

Susemil side bearings. The tare of this car was 31,200 lbs., live load

99,000 lbs. of steel rails. The first experiments made with this car were

with the idea of testing the tractive force necessary to move the same.

The writer asked the Mechanical Department to rig up a system of

levers with a spring balance that would be capable of measuring the

tension necessary to pull this car on a level straight track. The
Mechanical Department, however, were of the opinion that we could

get better results by using the dynamometer car with some alterations.

This car has a piston free to move in a 16-inch diameter cylinder filled
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with oil; this piston is connected with a draw bar by a shaft 4 in. in

diameter and this shaft is so packed that no oil will leak with a draw

bar pull up to 60,000 lbs. The oil from both ends of this cylinder is

piped to a small recording machine in the cupola of the car. This

recording machine has pistons with i/>-inch end area. This portion

of the machine was changed to a piston with 2V2 square inch end area

in order to enlarge the scale to read the small pressure that would be

produced in hauling a single car.

Six or seven tests were made hauling this loaded car over this %^ 10"

curve which was over 1,000 feet long, then over a distance of 2,000

feet on straight level track, thence over a short 5° curve in the reverse

direction. It was apparent from the start that on account of the pack-

ing our machine was not delicate enough to accurately measure small

pressures. The writer, therefore, abandoned the idea of attempting

to get definite figures in pounds per ton with this machine, but the re-

sults proved conclusively what the writer expected, viz., that the resist-

ance on the 8° 10" curve was only 50 per cent, to 60 per cent, of

the resistance on straight track and when the car was pulling over

the 5° reverse curve, which was really too short to get a constant

pressure, being less than 150 feet long, the indicator went up 10 to 20

per cent, over what it had been on straight track.

A very instructive lesson was obtained through a mistake that had

been made. In going around the long 8° 10" curve at all speeds,

varying from 5 to 20 miles an hour, it was noticed that the trucks

would run first against one rail and then against the other. It was

further noticed that the conditions were the same at every trial, that is,

the location where the trucks w-ould press against the outer rail were

the same. The writer sent for the Resident Engineer who had instruc-

tions to measure the curve and he reported : "I thought you wished to

know what degree of curve would best fit this location, the curve is not

true, it must he thrown 5 or 6 inches in or out at several points".

This, of course, was the explanation why the trucks did not run true.

We simply had a series of compound curves, some sharper and some

flatter than 8" 10" ; the elevation at this time was about 3 inches.

The next test consisted of pulHng C. P. R. flat car 310173, similar in

all details to 311074, except that the former had standard trucks which

were in very good shape. The dynamometer car results indicated, as

we expected, that the resistance on straight track was only 40 per cent,

to 50 per cent, of the resistance on the 8° 10' curve. The tests were then

stopped, the curve w'as properly lined and surfaced and the elevation

reduced to 2 inches. At a later date exactly the same tests that were

mentioned above were repeated. The packing was somwhat loosened

up and more accurate results obtained but still not accurate enough

to be given as a measure of either curve or track resistance. While

the relative resistance of straight versus curved track was quite constant

the indicated pressure of diffeient tests on the same track varied

too much to justify even taking the mean of the number of tests we
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made as a measure of track resistance. The results, however, prove

conclusively that the resistance offered on an 8° 10' curve to the car

with the special wheels was only 50 per cent, to 60 per cent, of the

resistance on straight track, and, as you would expect another similar

car 310026 with a total weight of 129,000 lbs. with nearly new standard

wheels the resistance on straight track was only 40 per cent, to 50

per cent, of the resistance on the curve, but the most important feature

of this test was the fact that the trucks under car 311074 while going

around the 8° 10' curve never pressed against the head of either the

inner or outer rails but ran exactly as true as the ordinary truck runs on

a straight track and this was true regardless of the speeds, from 5 to 25

miles an hour, thus proving at least to the writer's mind that the rectangu-

lar shape of wheelbase, especially so for the short wheel-base of a freight

truck, has very little or nothing to do with causing the pressure of the

wheels against the outer rail.

The next test that was made was one to determine, if possible,

which wheels of a railway car do the skidding and the amount thereof.

The writer has always been of the opinion that on account of the

extra horizontal pressure of the leading wheel of a truck against

the outside rail, that unless the vertical pressure on the inner rail was

largely in excess of the vertical pressure on the outer rail, that there

would be very little or no skidding of outer front wheel of the truck.

The writer is convinced that this is true, also that there is no back-

ward skidding of the inner front wheel which was more than was at

first expected.

Referring to Plate II, there arc five figures indicating various

conditions that we meet with in general practice. Fig. 1 shows standard

wheels on C. P. R. standard 85-lb. rail straight track. The circum-

ference that is measured in mating wheels is indicated as on "wheel

diameter line," 1 inch from the base of flange and about 1 inch from

the end of the one-in-twenty taper, that is, the small radius of

the wheel at the end of the one-in-twenty taper is about 0.05-inch less

than at the point of measurement, making the small diameter about

0.10-inch less than at the point of measurement, that is, the circum-

ference of the wheel at this point is nearly a %-inch less than at

the point of measurement. The other figures are self-explanatory and
indicate conditions that do exist, as any investigator can prove for him-

self by taking small gage copper or soft iron wire and placing it trans-

versely across the rail under a moving wheel on a curve. The condition

shown in Fig. 5 will not, of course, be constant, for the reason that the

outside wheel in that case is rolled on such a very large diameter that

it would soon slip away from the rail entirely it it could be supported
on this large diameter, but what takes place in this case and which can
be verified by watching the leading inner wheel of a truck traveling on a

worn rail (as is indicated) a nosing motion will be found, that is, the

wheel is constantly moving with a jerky motion. This feature can be
very well observed by riding on the pilot of a locomotive with a sharp
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flange pony truck whenever the same is going over a track where the

outer rail of a curve is badly worn.

The writer has purposely called the attention of the reader to Plate

II and the various figures thereon, to prepare his mind with an explana-

tion of the apparently contradictory evidence obtained in some tests made
with a view of attempting to measure the amount of skidding of the

wheels. C. P. R. 310016, fiat car, gross weight 129,100 lbs., was run at a

speed of about four miles an hour a distance of about six hundred feet

over the above mentioned 8° 10' curve ; the car was started from

rest, each wheel marked at point of contact with rail. It was then moved

north until the leading wheel had made 70 revolutions, the revolutions

on all the other wheels were counted and measurements taken to show

how far they would have to go to complete the 70 revolutions. The car

was then run in the reverse direction. Table I gives the results of these

measurements, in column 2 actual distance traversed by each wheel in

making 70 revolutions is recorded, in column 3 is recorded 70 times the

circumference taped in the field close to the fiange. It should be noted

here, however, that only the wheels on the one side of the car were taped.

It was taken for granted that they would be properly mated as they showed

no flange wear that would indicate they were not properly mated. Column

4 gives the difference or apparent skidding distance of each wheel if the

wheels had been running on the diameter as measured. After the test was

made, the car was sent to the shop, the wheels taken out and ofiiciallj'

taped. In column 5 we show 70 times the circumference of this official

taping and in column 6 the difference between 70 times the circumference

and the actual difference traveled on the rail. Now we started out with

the idea that there would be very little or no skidding of the outside

leading wheels of any truck. If you will note, however, the outer wheel's

axle No. 1 and 3, columns 4 and 6, the car going north and also the out-

side wheel on axles 2 and 4 in column 4 and 6 when the car was going

south, one would be apt to say that these were the wheels that did the

skidding. As a matter of fact, however, from experiments made with

a very soft fine wire the writer is convinced that the outer leading wheels

on a truck take the position indicated in iFigs. 2, 3, 4 and 5, Plate II, and

that there is absolutely no backward skidding of the inner leading zvheels

of any railroad truck in rounding a curz'e. Any skidding that may take

place in the wheels of the leading axle is equal and in a forward direction,

taking the very small amount of indicated backward slip of the inner

wheel axles 1 and 3 going north and 2 and 4 going south, column 4, where
we know the taping was taken on a larger diameter than the one the

wheels were rotating on and taking the figures in column 6 for the inner

wheels of the leading axles of the trucks, which indicate a positive for-

ward slip of the inner wheel, when we know that the diameter on which

the wheels were rotating could not have been larger than the diameter

on which measurements were made, would indicate that the outer wheel

was pressed so hard against the outer rail that the resistance against free

rotation was so great that the result is that both wheels were actually
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skidded a short distance forward. It is well known that a speedometer

attached to the rear wheel of an automobile will register a greater amount

of miles than one attached to the front wheels of the same diameter. If

we reversed this situation and there were obstrutcions placed in the way
of a wheel equal to the force exerted in driving the car we would expect

this wheel to show a loss of distance equal to the gain in distance shown

by speedometer on the rear wheel. It appears to the writer that this

forward skidding of both wheels of leading axle is quite natural.

It should be noted here that five or six rails were taken from the

inside of the car and placed on the outside in an attempt to balance the

vertical pressure on the two rails of the curve on account of 2 inches

being too much elevation for a speed of four miles per hour. How-
ever, there was not enough rails moved to entirely overcome the effect

of the 2-inch elevation.

Now, if the reader will again look at Figs. 2, 3, 4 and 5, he can see

how easy it is to get a wheel to ride an J^-inch or more high, that is, in-

crease the diameter on which the wheel rotates bj^ a ^-inch and that is

all it requires to account for the extra 4.862 feet.

Now, making a study of all the outer rear wheels of the trucks it

is very plain to the writer, as observation and experiments proved, that

these wheels press against the outer rail and ride on a larger diameter

than the official taping indicates but not sufficient to overcome skidding

entirely, that is, there is some skidding of the inner wheel of the rear

axle of a truck, although the amount is rather small. This conclusion

is directly opposite to that stated under paragraph 302, page 285, The

Economic Theory of Railway Location, by Wellington. On a test with

C. P. R. flat car 311074 with the special wheels on about 600 feet of

straight track, measurements were made for only the leading truck and

it was found that there was about 3 inches slip on the larger wheel of the

leading axle and about 10 inches on the larger wheel of the rear axle.

These amounts were reversed when the car was run in the reverse direc-

tion and as the difference in the diameter of wheels, the threads being

turned flat, amounts to about 4.2 feet in going a distance 603 feet, the

writer was convinced that the small amounts of slip mentioned, 3 inches

and 10 inches, respectively, was accounted for by the fact that the wheels

of smaller diameter in their attempt to mount the rail, rode on a larger

diameter and that there was very little if any slipping of the smaller

wheels.

Similar tests as to that taken with C. P. R. car 310016 had been previ-

ously made with C. P. R. flat car 310173, they confirmed exactly the results

obtained with C. P. R. car 310016, but the car got out of the yard before

the wheels could be officially taped and the results made of that car are

not reported. Another test on a side track laid parallel and on the out-

side of the 8° 10' curve, track laid with S6-lb. steel, C. P. R. car

310016 loaded as in the experiment recorded gave practically identical

results as those recorded.
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The writer's object in giving this matter to the pubUc is to revive

interest in this subject, bring out discussion, and if possible get more

information on this important subject. It is only when the actual causes

of trouble are really understood that the proper remedies can be applied.

The second reason is to call the attention of operating officials of rail-

ways to the fact that it is a waste of fuel to haul cars over railways,

the wheels of which are not running true. It is the writer's belief that

over 75 per cent, of the wheels that are taken out of service on account of

sharp flanges have only one wheel on an axle with a sharp flange. This

is caused either by poorly mating the wheels or by being placed in trucks

that are not properly squared. Whatever the cause, this matter should

,be given more attention by mechanical and operating officials.

The writer is convinced that the greater portion of curve resistance is

caused by pressure of the flange against a single rail ; therefore, the

mating of wheels or setting up of trucks not properly true that cause the

flange on one wheel of an axle to wear sharp is not only shortening the

life of the wheel, but is costing the company considerably more money to

acquire this undesirable result.

The following is a summary of the writer's conclusions :

(1) All outer wheels of railway equipment exert a pressure

against the outer rail when rounding a curve.

(2) The cause of this pressure is the tendency of a cylindrical

body to rotate in a straight line at right angles to the axis of rotation.

(3) That there is never any s!<idding of either wheels of the

leading axle of a truck unless it is a forward skidding of both wheels

caused by the resistance to rotation being great enough to cause a

slight retardation to rotation which results in an apparent forward

skidding.

(4) That there is no skidding of the outer wheel of a rear axle,

that in general any skidding that does take place is on the inner wheel

of the rear axle.

The reader will naturally ask, if there is very little skidding of wheels,

wherein lies the considerable resistance off^ered by curves, that we know
from experience actually exist. That is llic problem the writer started

out to try and solve, hut as stated at the beginning, he cannot give any

reasonable formulas. The writer had formulas for the case of flat tread

wheels and vertical flanges that worked out beautifully close to the

accepted amount of resistance offered by curvature in these formulas;

however, co-efficients of friction were taken rather large for bodies

actually moving on each other, and the horizontal pressure against the

outside rail was assumed to be 5^-inch below the top of the flat top and

vertical side of rail as shown at B, Figs. 4 and 5, Plate I, but what is

the use of giving formulas for conditions that we know do not exist?
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The only thing the writer can offer is his opinion which is, that the

major factor in the resistance offered by curvature is caused by the

flanges of the outside wheels striking the outside rail at an angle instead

of rotating in lines parallel with the gage side of the head of the rail.

Anyone who doubts the reasonableness of this opinion can ask any old-

timer what his experience was in the days before gasoline, in pumping a

velocipede over the road with the leading wheel not set true and espe-

cially when it was set to hug the rail.

Table I.

Results of Test to Determine Amount of Slip C. P. Flat Car 310016

Loaded with Steel Rails—Gross Weight, 129,100 Lbs.—8° 10' Curve

—Outer Rail Elevated 2"—Speed About 4 Miles Per Hour.

1





PRACTICE IN THE DESIGN OF CONCRETE FLOOR
SLABS AND FLAT TOP CULVERTS

By Geo. H. Tinker

Bridge Engineer, New York, Chicago & St. Louis Bailroad

Several years ago the author addressed a letter to Bridge Engineers

connected with the various railroads of the country, asking the following

questions

:

(1) In the designing of flat top culverts or reinforced

concrete floor slabs, what is your practice in con-

sidering the distribution of axle loads—longitudi-

nally, transversely and vertically?

(2) In connection with the above, what impact allow-

ance do you use?

(3) Can you refer to any investigations or data bearing

upon this subject?

The response to this questionnaire was gratifying and fairly repre-

sentative of the practice of railroad Bridge Engineers.

The author has made an abstract of the replies and added a summary

and short analysis of some of the salient points.

The matter is of present interest in connection with the investiga-

tion of the distribution of load through ballast. It is, therefore, deemed

advisable to make the information available by publication in permanent

form. The serial numbers in the first column of the summary refer

to the replies having corresponding numbers.

94S



944 Practice in the Design of Concrete

ABSTRACTS OF REPLIES.

1.

When we first commenced designing our reinforced concrete boxes

we worked out a scheme for finding what would be the arch effect in

the earth fill over the top of the box, and our calculations showed that

at a point varying from 10 to 18 feet below the base of rail, the arch

effect from the fill would carry all of the weight of this fill.

In making our calculations for the slabs we finally settled down

to assuming for dead load the weight of track and ballast; also, the

weight of a layer of earth ten feet deep. This in addition to the weight

of the slab itself made up the dead load. We followed this same scheme

in designing reinforced concrete slabs where the top of slab received the

ballast direct.

For ordinary boxes we do not count on allowing the upper surface

of top of box to be closer than 24 inches from base of rail. Where the

slab receives the ballast direct, we have usually added as much as 40

per cent, to the live load moments for impact. In the case of boxes the

heavy dead load assumed in the 10 feet will provide all that is required in

the way of impact.

I do not know of any investigations on this line which have been

published. I tried to find something of the sort several years, but did

not succeed.

2.

We are not using this type of construction, except in reinforced

slabs on deck plate girders.

In cases of this kind, it has been our practice to assume the axle

loads uniformly distributed over the track. This is perhaps somewhat

in error, but as the slabs have longitudinal rods as well as transverse

rods, we believe that this assumption is entirely safe. The axle loads

are assumed distributed over a width of five feet on either side of the

center line of track. For our flat top culverts we use I-beam construc-

tion encased in concrete, using a straight impact of 50 per cent. This is

our practice at present, and, of course, will be changed if the impact

tests which are being made by the American Railway Engineering Asso-

ciation develop the fact that the impacts assumed are not sufficient.

3.

We have recently designed several bridges with reinforced concrete

slabs in which we placed the center of gravity of the axle loading of

Cooper's E-60 locomotive over center of span; transversely, we considered

the loading distributed over a width of 10 feet; vertically, we designed
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the slab of sufficient thickness to take care of the compressive stress.

We allowed 100 per cent, impact.

4.

(1) Consider the axle load distributed longitudinally by the rail over

a distance of about three feet, transversely, the length of a cross-tie plus

the depth of the roadbed.

(2) When the roadbed is five feet deep or more, no addition is

made to the live load for impact ; for depths less than five feet about 75

per cent, is added for impact.

(3) I regret that I am unable to refer you to any investigations or

data bearing on this subject.

5.

In designing flat top culverts we use our standard live load with

full impact and include in the dead load five feet of fill. Culverts so

designed are used under any height of fill on the assumption that as the

depth of fill increases the lateral distribution of the load compensates

for the increased height of the fill and our experience of several years

warrants our adherence to this practice.

For concrete floor slabs, such as are used in our concrete pile trestles,

the impact is taken at 25 per cent, on each rail and distributed transversely

over the entire width of the slab. This is true also of the distribution

of the entire load, as it is quite inconceivable how any other condition

can exist.

This whole matter of impact, however, is so bound up with the

matter of unit stress which is allowed that the two must be considered

together. For instance : if we assume an impact allowance similar to

that recommended by Committee XV, American Railway Engineering

Association, which is designed to cover all the effect of moving loads, we
should then employ a unit stress which is as high as should be considered

in designing, that is to say, about 50 per cent, of the elastic limit. As a

matter of fact, our practice is to use a smaller impact and lower unit

stress, our unit stress in steel being about one-third of the elastic limit.

I know of no data at present available regarding impact on rem-

forced concrete structures. Investigations are being made, however, and

data will probably be available in the near future.

6.

In case the ballast on the culvert top exceeds two feet in depth, we

design for a live load of 12,000 lbs. per linear foot of track, distributed

over eight feet transverse^ to the track at the base of rail, and spreading

laterally six inches per vertical foot to the bottom of the slab. This

gives a lateral spread of three inches per foot on each side. For dis-
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tribution of live load transversely to the track on concrete ballast floors

for steel girders, we assume the live load to be either concentrated under

the rail or distributed uniformly along the tie, using v^rhichever assump-

tion gives the greatest moment. We assume the maximum wheel loads

distributed longitudinally over the full length of our standard slab for

steel girders; this length is three feet seven inches. In the case of our

trestle slabs which have a standard width of 13 feet, we assume the load

on the track spread over the full width of the slab, and to be concentrated

under the wheels in a longitudinal direction.

An impact allowance of 50 per cent, is added to all live loads. The

impact is not considered, however, in figuring the area of foundations.

Regarding your third question. I find I have no references at hand

on the subject of the spread and distribution of Hve load through earth

embankment.

7.

I will advise that in designing flat top culverts where the bank is

15 feet or over, we consider the axle load distributed longitudinally over

five feet. We assume that the load is distributed transversely at the base

of rail for a distance of ten feet, spreading from there to the top of the

culvert six inches transversely to each foot in rise. In banks of this

height we allow no impact. For banks under 15 feet in height we have

allowed 50 per cent, impact distributed in the same manner as the live load.

In the case of a culvert or an arch coming so close to the track that

we are unable to get anything more than the ballast on top of the cover,

we have assumed the live load to be distributed over ten feet with an

impact of 50 per cent. We have assumed the dead load to act vertically

on the cover of the culvert.

On I-beam slabs where ballast only is placed beneath the tie we assume

that the, steel carries the entire load and we apportion our steel for the

actual moment produced by the loads, adding an impact of 50 per cent.

I cannot refer you to any investigations or data bearing upon this

subject and believe that every road has its own method of distributing

the live load, as well as percentage of impact.

8.

Our standard plan is based on the moments from Cooper's E-60

loading, with full impact by the 300 formula. This produces a unit stress

of 18,000 lbs. in the steel and the reinforcement is one per cent. The live

load is considered distributed over a width of ten feet laterally. This

answers your first and second questions.

As to the third question, the only thing I can think of outside of the

impact experiments, with which you are familiar, is the paper by Thos.



Floor Slabs and Flat Top Culverts. 947

H. Johnson on the distribution of the live load by the ballast. This was

published as a Bulletin by the American Railway Engineering Associa-

tion two or three years ago.

Referring further to questions one and two. We have not made a

practice of reducing the impact with an increase in depth of fill over the

culvert, although I think such a reduction would be proper where the fill

exceeds five feet. Our fiat top culverts are usually close under the rail

without much fill over them.

We have also designed structures on a basis of 1800 lbs. per square

foot or 18,000 lbs. per linear foot without impact and -with unit stress of

15,000 lbs. in the steel.

You spoke of some of the Chicago track elevation work having been

figured for a lateral distribution of the full width of the slab 13 feet.

I think this is fair for deep slabs, as undoubtedly the lateral distribution

secured increases with the depth of the slab. My present idea is to

revise our practice to consider a lateral distribution of eight feet plus

the depth from the bottom of the tie to the bottom of the slab. This

would make a width of 11 feet for a two-foot slab with one foot of

ballast or 12 feet for a three-foot slab with one foot of ballast.

9.

(1) Longitudinally, the axle loads are considered as uniformly dis-

tributed over a distance of three feet.

Transversel}', they are considered as uniformly distributed over a

distance equal to the length of the tie, or in other words, eight feet.

Vertically, they are considered as acting straight down, the arching

action of the earth being neglected.

L
(2) Impact is assumed at LX , where L:=Iive load stress,

L + D
and D = dead load stress.

In this connection, however, we design our culvert, considering im-

pact for a minimum fill of three feet. Then we do not change the sec-

tion required by this assumption until the dead load plus the live load

(neglecting the impact) exceeds the dead load plus live load plus impact,

for the first condition, or in other words, we find out what the impact

amounts to converted into pounds of fill.

In a case I am working on now, for a four-foot opening, I added

16 feet of fill before I changed the section of slab required.

(3) I do not know of any data or investigations on this subject.

10.

Our standard flat top reinforced concrete culverts, which vary from

four-foot to sixteen-foot spans, are designed for a uniformly distributed
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load of 2,000 lbs. per square foot. Our slab construction for carrying

ballasted track is designed for Cooper's E-60 loading with 50 per cent.

5-300

of impact obtained from fotmula —
. This slab is to be built near

L + 300

the site of the bridge in one piece 14 feet wide for single track. The

load is considered uniform]}' distributed throughout the width of the

slab and the bending moments and shears for cross-section are figured

on the basis of wheel concentration. The transverse rods are figured

on the basis of this load distributed uniformly.

11.

When the crossing is at right angles to the tracks, or the main re-

inforcing is parallel with the tracks, we use the maximum bending mo-

ment for the given span, calculated from the wheel loads. The spread of

this load transversely depends upon the width of the slab that can be

cast at one time. Where slabs less than nine feet in width are cast in

a curing yard, and are later placed on the supports, the live load is spread

over a width of nine feet. For slabs over nine feet in width, the live load

is spread the full width of the slab up to 13 feet wide.

When the span is on a skew, or the main reinforcing at an angle with

the tracks, we use a live load of 1,200 lbs. per square foot. This is the same

as spreading axle load of 55,000 lbs. over a transverse distance of nine

feet and a longitudinal distance of five feet.

Heretofore we have been using 12,000 lbs. allowable unit stress for

the steel, and 600 lbs. for the concrete, no impact added ; but recently

we have changed and are now using 17,000 lbs. allowable for the steel

and 700 lbs. for the concrete, with 50 per cent, of the impact obtained

by multiplying the live load by the quotient of the live load divided by

the sum of the live and dead loads.

With regard to investigations on this subject, would refer you to

Bulletin No. 28, of the University of Illinois Experiment Station.

12.

(1) Distribute axle load at right angles to track over a distance

of nine feet, plus one-half the distance from the bottom of tie to the

culvert top.

(2) Distribute axle load uniformly lengthwise of track, when top

is equal to or greater than six feet, from bottom of tie.

(3) When bottom of tie is equal to or less than two feet from top

of culvert, consider the distribution of axle load uniform over a dis-

tance of 24 inches lengthwise of the track.

(4) For an intermediate point, distribute proportionally between the

limits assigned by Rules (2) and (3).
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Impact, 50 per cent, when ties rest on culvert top or six inches of

ballast, and nothing when fill equals or is greater than two times the

clear span of culvert. Proportion between the above limits.

13.

(1) The distribution of axle loads, both longitudinally and laterally,

depends upon the amount of ballast and embankment that can be placed

as a cushion between the top of slab and the underside of tracks, longi-

tudinally for single openings the distribution over 20 feet is not needed;

for more than one opening of 12-15 ft. or over, other axle loads would

follow driver load of engine.

(2) The impact upon the slab is greater, the smaller the ballast and

embankment.

I should adopt a graded system of distribution and impact assuming

a line to be single track the axle load not less than 60,000 lbs., four

axles spaced five feet centers or IS-foot wheel base.

For ballast and embankment not over two feet, assume width of

slab three feet per rail and length 20 feet.

For ballast and embankment not over four feet, assume width of

slab 5 feet per rail and length 20 feet.

For ballast and embankment not over six feet, assume width of slab

12 feet for two rails and length 20 feet.

For ballast and embankment not over eight feet, assume width of

slab 14 feet for two rails and length 20 feet.

For ballast and embankment ten feet, assume width of slab 16 feet

for two rails and length 20 feet, etc., using weight per square foot of

slab in calculating sections.

For double track I should follow the same system of distribution.

In regard to the impact upon these structures, I should assume 50

per cent, impact sufficient for slabs with ballast and embankment from

two to six feet in depth ; below six feet I should assume that a reduction

is permissible, lessening the percentage of impact gradually from six

to twelve-foot embankment to 25 per cent, and from 12 to 18-foot embank-

ment a gradual reduction from 25 per cent, to zero.

In my judgment, for ballast, including embankment higher than 18

feet, the weight of the embankment plus the weight of the slab is so

heavy as compared with the distributed moving load that no impact is

required.

The embankments over structures should be packed as deposited

;

if this is impractical, I should cut the line of batter of distribution, making

it three inches per foot instead of six inches.

In regard to your third question, I wish to state that I have never

seen any investigations or data published on this subject.
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14.

(1) In designing flat top culverts, we have based our calculations

on the following general assumption with reference to loading : Dead

load—the actual weight of the earth covering, which in section is assumed

to be a trapezoid whose base is equal to the span of the culvert, and the

sides on a slope of one-half to one. Calling the span "S" and the height

of the fill "H," the top of the trapezoid will be equal to "S" plus "H."

This is somewhat in excess of the actual conditions, but such a condition

will probably exist immediately after refilling over the culvert. When
sheet piling or timber is used to retain the earth during construction of

the culvert, I think that it will be ample to figure the weight of the earth

vertically above the top slab; in other words, the sides of the trapezoid

will be vertical.

For live load we use the greatest equivalent load per linear foot of

track for a 192-ton consolidation engine. This equivalent load per linear

foot of track is reduced" down transversely (for single track) on a slope

of one-half to one from the end of the ties. In the case of more than

one track the equivalent load is reduced down in the same manner as

for one track, but in no event should the width be taken greater than the

distance between track centers. For example, if the equivalent live load

per linear foot of track is, say, equal to 10,000 lbs., the fill over the top

of the culvert is, say, 12 feet, and ties 8 feet, the live load on top of

the culvert would be 10,000 lbs., divided by 20 or 500 lbs. per square

foot.

(2) We make no allowance for impact by increasing the live load,

but use lower unit stresses in the material. The fill between the top slab

and bottom of tie should not be less than 5 feet. This depends upon the

nature of service.

(3) I know of no investigations or data bearing upon this subject.

Experience and investigation are very much needed in connection with

this important subject.

15.

Our practice is to assume the distribution of axle loads longitudinally

four feet. Transversely, we assume that the distribution equals the length

of the ties plus the width that the ballast under the tie would give us at

a slope of one to one so that with one foot ballast we would have a dis-

tribution of 10 feet. We allow the same impact that we allow in our steel

bridges.

I cannot refer you to an}' investigation or data bearing on this sub-

ject at present.

16.

It is my practice to consider all loads above the roof of the culvert

carried vertically downward. I make an impact allowance of 100 per
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cent, for all fills less than five feet and decrease the impact allowance

so that there will be none when the fill is twenty feet.

17.

(1) For culverts having no covering bejond minimum depth of

ballast^ I have made calculations using the wheel concentrations with a

transverse distribution of load from one track over a width of 12 feet

for the construction shown on the blueprint of the proposed type. You
will notice the attempt to secure this distribution by the use of transverse

reinforcing rods.

(2) In the design referred to, I contemplated the use of full impact

300

by the formula .

L + 300

(3) I cannot refer you to any investigations regarding this subject.

It will be easy to measure deflections and draw conclusions therefrom

and I hope to do this at some time in the future. We have made investi-

gations pertaining to trough floors, but these would hardly be applicable.

18.

(1) In designing flat top culverts or reinforced concrete floor slabs

our practice is to assume in determining the moment that the axle loads

are concentrated at the centers of the axles, and that the load from each

track is distributed laterally over a width of eight feet.

We also assume that the loads were distributed vertically at angles

of 45 degrees with the perpendicular.

(2) The impact allowance which we use is 100 per cent.

(3) I do not recall any investigation or published data on this sub-

ject.

19.

Our practice is to consider the live load as distributed uniformly

over the slab and for a width of eight feet for minimum depth of cover.

We do not use any impact allowance, and we figure the safe stress on

concrete to be 500 lbs. to the square inch, and the safe stress on steel

reinforcement to be 15,000 lbs. to the square inch.

Our formula for safe bending in reinforced slabs is that the bend-

ing moment which a slab 12 inches wide will carry safely is 1300 H',

where H is the depth from center of reinforcement to top of slab.

We have compared this formula with many actual tests and find it

gives good, safe working results. It is not necessary to provide re-

inforcement longitudinally to take up the expansion if expansion joints

are placed about 30 or 40 feet apart.
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20.

(1) Distribution of Axle Loads:

Longitudinal 5 ft.

Transv-erse 8 ft.

Vertical, base of rail to top of slab 1 ft.-9 in.

(2) We use full impact, in accordance with Schneider's formula,

300

L + 300

(3) No.

21.

It has been our practice in designing slabs to consider the load dis-

tributed over a width obtained by drawing a line at 60 degrees, starting

at the end of the tie until same intersects top of slab and continuing

the line at 45 degrees through the slab. For our standard slab construc-

tion, this distributes the load over a width of approximately 12 feet per

track.

Where ties are close to the slab, as is the case in our standard con-

struction, we use the same impact percentage allowance which we use in

steel stringers, that is 100 minus the span length, divided by 3.

22.

(1) For flat top culverts with the reinforcing extending longitudinal-

ly (that is, parallel to the track) I take the bending moment and shear

due to our specification loading per track and consider it distributed

uniformly over a width of nine feet. This I consider a legitimate assump-

tion, inasmuch as our ties are eight feet six inches long and we have from

seven to ten inches of ballast on top of the concrete.

(2) You ask what impact allowances I use. We do not compute

the strength of bridges in just that way. For these concrete slabs I

take 625 lbs. per square inch for compression on the concrete, and 15,625

lbs. per square inch for the steel, these being assumed to act as dead

load, and for all live load, one-half of these figures. Thus the unit

stresses for any particular bridge depend upon the ratio of the dead load

effect to the total effect, which, if we call this ratio 6, the unit stress

in compression on the concrete for any particular case would be 625

divided by {2 6) and for the steel would be 15,625 divided by (2 0).

This method is equivalent to multiplying the maximum moment by

(20) and dividing by the unit stress for dead load as above. The
theory, as you can see, is that which assumes that a live load is twice

as destructive as a dead load.

23.

In designing such work, we use moment tables as per our standard

specification, and consider loads over one track as being distributed over

13 feet width of slab.
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24.

(1) Our practice is to consider axle loads uniformly distributed

over an area of five feet longitudinally by ten feet transversely to the

bottom of the ballast. Through earth fills, from the bottom of the ballast,

the distribution is considered transversely at the rate of one vertically to

one-half horizontally.

(2) American Railway Engineering Association impact is used. The
full impact is allowed on floor slabs which carry the ballasted track with-

out earth fill ; and no impact is allowed on slabs on which the depth of

earth fill is ten feet below the ballast. The impact with fills varying from

zero to ten feet is taken in proportion.

25.

In the design of our slab tops we use a minimum distance, base of

rail to top of slab, of 14 feet.

For this class of structure we assume our standard E-55 loading,

amounting to 11,000 lbs. per linear foot of deck. We assume that this is

uniformly distributed over 10 feet in width, giving a live load of 1100

lbs. per square foot. To this we add 50 per cent, of impact of the live

load, which brings the total live load up to 1650 lbs. per square foot.

We figure our slabs as simple beams, supported at each end, irrespec-

tive of whether they are single or multiple spans.

For unit stress we use 700 lbs. per square inch for concrete and 14,000

lbs. per square inch for steel.

We consider that a slab designed by the above conditions is suffi-

ciently strong for all heights of bank with sides sloped one and one-half

to one. Please note that we have considered the live load distributed over

a width of 10 feet plus height of bank (which is a common assumption)

and figure the load per square foot the live load plus the weight of the

bank at 100 lbs. per cubic foot plus no impact, gives the same result

for bank 11 feet high that we get where the ballast rests directly on the

slab and 50 per cent, impact is added. In other words, our impact is

decreased from 50 per cent, for track directly on slab to no impact for

bank 11 feet high. We ordinarily assume that these two points are con-

nected by a straight line, although if you figure out the intermediate

points on the above assumption, you will find that it is a parabola but

with no very great ordinate.

For banks over 10 feet in height, we assume, and we think justly,

that the arching effect of the earth will take care of the additional weight

occasioned by the extra height of fill. This results then in our having

a uniform thickness and design of slab for all heights of embankment and

we think defends this practice on a reasonable basis.

In reference to bars used, we prefer a deformed bar in all cases

where the bond between the concrete and steel is of importance or

wherever the shear strains are of any importance. We prefer a medium
steel, say, 60-65,000 lbs. per square inch ultimate strength, but with as
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high elastic limit as possible, preferably not less than 40,000 lbs. We
prefer such deformed design that no sharp angles are introduced into

the concrete from which cracks may originate in the concrete; in other

words, we prefer that all corners in the concrete be filleted, as is found

good practice in making of castings or any other semi-friable material.

I would say that our practice as above stated has been more or less

completely in force for some years and that we have had no example of

failure through any other cause than imperfect mixing or workmanship.

We further feel pretty safe in our assumptions as to unit stresses and

also think that we have a sufficient margin for increase of power to take

care of our needs for some considerable time.

26.

In general, in designing reinforced concrete box culverts for E-50

loading, I assume a live load of 10,000 lbs. per linear foot of track dis-

tributed laterally over a width of 2 H plus 5, H being equal to the height

of the fill above the top of the concrete slab. I omit the weight of track,

figure the slabs as simple beams and figure the entire load of the earth

fill over the clear span of the slab at 90 lbs. per cubic foot.

In regard to impact, for a depth of fill of 18 inches from base of rail

to top of culvert, 1 figure full impact in accordance with the formula,

/ equals 300 divided by L plus 300, / being the per cent, of live load and L
the clear span of the slab. For a depth of 12 feet from base of rail to

top of culvert, I consider this impact reduces to zero and figure pro-

portionately for intermediate depths.

All calculations for the strength of concrete slabs are figured in

accordance with the formulas developed by Burr, considering that the

strain in any fiber of the concrete is proportionate to its distance from

the neutral axis.

I am aware that the assumptions for distribution of live loads and

amount of impact would be difficult to defend, but in view of the un-

certainty as to the actual amount of impact on any structure from the

live load, the added uncertainty and general factor of safety in the design

and construction of reinforced concrete, I consider these assumptions

amply safe.

27.

(1) The slab is designed for wheel loads just in the same manner
as a steel girder except that no consideration is given to longitudinal

and transverse stresses.
L

(2) The impact allowed is as follows : /= X D, in which

L + D
D -=z dead load, L = live load, and /= impact stress to be added.

(3) I do not know of any investigation or data bearing on the sub-

ject.
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28.

(1) In designing flat top or reinforced concrete floor slabs, we are

using for live load Cooper's E-50 in the following manner : Assuming

the axle load of 50,000 lbs. as distributed longitudinally over 5 feet and

transversely over the length of tie plus one-half the depth of fill between

the bottom of the tie and the top of the slab, i. e., one-fourth to one slope

from end of tie on each side; or 50,000 lbs. distributed over a space five

feet by nine feet, or 45 square feet, when allowing two feet of cushion

between the bottom of tie and top of slab. This makes 1110 lbs. per

sq. ft.

(2) We are using 50 per cent, of live load as impact; this being dis-

tributed over same area as live load.

(3) We do not know of any investigation or data other than that

by W. W. Colpitts, of the Kansas City, Mexico & Orient Railway.

29.

For ordinary' solid floor bridges I have assumed the load to be dis-

tributed at 45 degrees beneath each end of the tie, unless the ballast

were unusually shallow. Longitudinally I consider the load as distributed

three feet minimum due to stiffness of rail. With ordinary depth of

ballast I believe that these distributions could be increased to five feet.

In the design of culverts with some fill between the top of struc-

ture and the tie I have assumed the material as capable of distributing

a live load 15 degrees each side of the tie beyond vertical planes.

In solid floor bridges, and for ordinary depth of ballast, I have used

straight 50 per cent, impact, fully believing that the increased dead load

absorbed the larger portion of shock.

The only data that I have seen regarding this matter are the writings

of W. W. Colpitts and Thos. H. Johnson.

30.

Our practice in designing culverts and reinforced concrete spans

is to figure axle loads exactly longitudinally and vertically, and then dis-

tribute transversely over 13 feet for each track. We add for impact as

300

per formula times the figured stress and design for total stress,

300 + L
using uniform depth of beam for each length of span. Shear will de-

termine depth of beam for short spans and moment for longer spans.

We make a span of same strength throughout the length of the cul-

vert, and assume that the dead load increases at the rate of 100 lbs. per

square foot, per foot of depth of fill, and that effect of live load decreases

at same rate.

I do not know of any exhaustive discussion of this subject, but an

article on it appeared in the Engineering News of comparatively recent

date.
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I think the culvert gets its heaviest load when the new embankment

is first placed on it, the dead load over the culvert depending largely on

the angle of repose of the material. My observation has been that the

middle of a culvert under the highest part of the embankment sustains

much greater load than that part towards • either end, and under high

fills it has been our practice to allow for this greater dead load at the

center by spreading the footing in the middle third of the culvert over

a greater area than that on the outside thirds. We have also used a

greater thickness of arch under the middle thirds, but as already stated,

this is resorted to only where a high fill justifies a change of plans.

In Prof. Baker's work on "Masonry," the opinion is advanced that

the load on culvert is not dependent on height of fill. I cannot agree

with this view and I do not think Prof. Baker is now prepared to

endorse it.

31.

All our designs for track bridges are based on Cooper's E-50 load-

ing. The actual load of 50,000 lbs. is assumed to be carried by three

ties, one-third per tie, which is assumed to give practically a uniform

distribution longitudinally of 10,000 lbs. per linear foot; the ties and

ballast are assumed to distribute nine feet laterally, giving 1100 lbs. per

square foot. We use six-inch ties and a minimum of six inches of ballast

under the ties.

For reinforced concrete or embedded I-beam spans of 20 feet or

less, the impact addition is 100 per cent. ; also for the floor slab of deck

or half through plate girder bridges with transverse I-beams, 100 per

cent, impact is added.

I cannot give you any information as to investigations or data bear-

ing on this subject as we have not made any such investigations.

32.

(1) This road has no reinforced concrete structures.

(2) In regard to impact, I believe that the depth of fill over the

slab is a big factor in determining the impact to be used. I should take

the weight of a train as adding about twelve feet to the height of fill over

the roof of a culvert. If roof of culvert is over five feet below base of

rail I should not add any impact.

Besides textbooks on the subject you may find something in the

pamphlets printed by the St. Louis Corrugated Bar Co., Vol. 1, Nos.

3 and 4.

33.

The dead load is taken as acting vertically downward without lateral

distribution. The live load moment is taken from the table of E-60
moments and distributed uniformly over a width of ten feet at a depth

of two feet below top of rail, this being considered as the minimum
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ballast. As the depth increases the width of distribution is increased

12 inches per foot of increase of depth. Impact is taken at 50 per cent,

of the live load at two-foot depth and decreased uniforml}' to zero at

12-foot depth. When these quantities are plotted it develops that the

total load per square foot (using an equivalent uniform live load per

foot) is about the same at 16- to 20-foot fill as at two-foot fill, being less

between these points. Therefore, tables are made for a dead load of

500 lbs. per square foot, the live load as above, and 50 per cent, impact,

and the same slab used for all depths of fill. It is assumed that arching

of the earth fill begins before the total load per square foot exceeds that

given by the above. The slab is made of uniform section for its entire

width. The construction consists of I-beams embedded in concrete, the

steel figured to take the entire load at 18,000 lbs. per square inch.

Summary of Replies.

Distribution of Aile Loads.

Longitudinally

Uniform
Concentrated
3ft
Concentrated

Uniform ; 12,000 lbs.

per sq. ft

5 ft. for rf>15'

Concentrated

3 ft

flniform; 2,000 lbs.

per sq. ft. for cul-

verts

Concentrated for
floor slabs

Cone, for reinf. par-
allel with track...

5 ft. for reinf. at
angle with track

.

24' for <i^24';Umf.

for d^6'

5 ft

Transversely

10 ft

10 ft

Tie
Entire width
of slab

8 ft. at base of

rail

10 ft

10 ft

8 ft

Uniform..

14 ft

9 to 13 ft.

.

9 ft

9 ft

6 ft. for d = 2

ft. to 16 ft.

for d= 10ft.

Vertically

(Vertical) . .

.

(Vertical) . .

.

12' per ft

Equal to in-

crease of load.

6' per ft. . .

6' per ft . .

.

Vertical. .

.

Vertical. .

.

(Vertical)

.

(Vertical).

(Vertical)

.

(Vertical)

.

6' per ft. .

.

3" per ft. to 6'

per ft

Impact

40% for 2' ballast:

10 ft. of fill for

culverts
Straight 50%
100%
75% for d< 5 ft

25% for fl. slabs;

full impact for

culverts

50%

50%ford<]5ft ...

FuU 300
impact, 5

300 -I-

L

Full L
impact, L X

L + D

No impact for cul-

verts.

300
50%of S

300 -I-

L

L
50%of L

L + D
L

50%of Z.

L + D

50% for (i56' to

zero for dc2 X

span

50% for (i=6' to
zero for d= 18'

. .

.

Remarks

Floor slabs only.

Add 5 ft. of fill.

Design for 3' fill up
to depth at which
fill = impact.
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Summary of Replies—Continued.

30

Distribution of Aile Loads

Longitudinally

Equiv.uniformload

4ft

Concentrated.

Concentrated.
Uniform
5 ft

Concentrated

.

Concentrated.

5 ft

5 ft.

5 ft.

Concentrated

.

5 ft.

3 ft.

Concentrated

5 ft.

Concentrated

.

Transversely

8 ft.

8 ft.

12 ft.

8 ft..

8 ft..

8 ft..

Tie.

9 ft..

13 ft.

10 ft

10 ft.

5 ft..

Tie (9 ft.).

Tie (9 ft.).

13 ft.

9 ft.

10 ft.

Vertically

12" per ft.

24" per ft.

Vertical .

.

(Vertical)

.

24" per ft . .

(Vertical)

.

Vertical . .

.

60° from end
of tie

(Vertical)

.

(Vertical)

.

12" per ft. .

12" per ft. .

24" per ft. .

6" per ft

2x15° for cul-

verts; 24"

per ft. for fl.

slabs
Vertical

(Vertical)

.

12" per ft.

Impact

Lower unit stresses

Full 300
impact, 5

300 + L
100% for d<5' to

zero for d=20' . . .

.

Full 300
impact, 5

300 + 1-

100%
None.
Full 300
impact, 5

300+ L
Full 100-5
impact,

5 unit stress for L.L

Full impact

Full impact formin.
fill to zero for d=
10'; 300

S
300+ 1,

50% for d=Q to
ford=ll'

Full impact for d=
18"; 300

5
300+ L;to

Oford= 12'

L
DX

50%.
50%.

L + D

Full 300
impact, 5

300 + 1,

100%
12 ft. of fill; zero for

d>5ft
50% for d^2' to

zero for d = 12'..

.

>

Remarks

Fill not less than
5 ft.

Min.
formula.

Max.

Arch effect assum-
ed for dyXO'; uni-

form slab for all

depths.

Arch effect assum
edford>12'.D.L.
500 lbs. per sq. ft.

Uniform slab for

all depths.

EXPLANATIONS AND ANALYSIS.

Under the head of "Distribution of axle loads, longitudinally," it will

be noticed that twelve use "concentrated" loads and six "uniform" loads.

These generally mean the same thing, t. e., a moment taken from the

moment table for concentrated loads or an equivalent load deduced from
it. Combining these, it appears that 56 per cent, use the moment table, 28
per cent, distribute an axle load over five feet, 16 per cent, over four, and
three per cent, over two feet.
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Referring to distribution transversely, it should be noted that all of

those noted as eight feet, nine feet, ten feet or tie, indicate a uniform

distribution for the length of the tie or slightly more, depending on

whether the writer considers the distribution at the level of the base of

rail or a few inches below the bottom of the tie. Those given as twelve

feet, thirteen feet, or fourteen feet, are included with those specifying

uniform distribution for the distance between tracks. From this it

appears that 71 per cent, distribute over the length of the ties, 23 per cent,

over the distance between tracks, and 6 per cent, over a distance of five

or six feet.

By "vertical" distribution is meant the lateral distribution at varying

depths below the rail. Five each, or IS per cent., specify vertical, six

inches per foot and 12 inches per foot, and four, or 12 per cent., 24

inches per foot. Eleven others have been shown as (vertical), as best

indicating the distribution as shown by the context. Combining these, it

appears that 44 per cent, prefer a vertical distribution as against 56 per

cent, who prefer a lateral distribution varying from 3 inches per foot

to 24 inches per foot. It should be noted that 24 inches per foot is a slope

of 45 degrees at each end of the tie.

The impact requirements are various and intricate. Some of the

salient points may be indicated as follows

:

39 per cent, use 50 per cent, impact; 45 per cent, use 50 per cent,

or less.

42 per cent, use 100 per cent, impact ; 55 per cent, use over 50 per

cent.

60 per cent, use constant impact for all depths of fill.

31 per cent, use varying impact for different depths.

51 per cent, use a simple percentage of impact.

45 per cent, use a formula.

Very little information was received in reply to question 3. An article

by W. W. Colpitts, formerly Chief Engineer, Kansas City, Mexico &
Orient Railway, in the Railway Age, January to April, 1904, sheds no

light on the distribution of load ; the formulas developed are based on an

assumed distribution. Bulletin 28, University of Illinois, gives results of

tests showing strength of reinforced concrete slabs. The distribution of

load is not investigated. An analysis by Thos. H. Johnson, Consulting

Engineer, in the Proceedings of the American Railway Engineering As-

sociation, in Vol. 7, page 102, of some experiments on the distribution of

load through ballast, is of some value. A description of the experiment

referred to follows the analysis.





SERVICE TESTS OF CROSS-TIES

By P. R. Hicks

EnginMr in Forest Products, Forest Products Laboratory, Madison, Wisconsin.

The records embodied in the accompanying tables were compiled as

a continuation of the report published in the 1917 Proceedings of the

American Railway Engineering Association. The report which appeared

in the 1917 Proceedings included all records of 1916 inspections upon

which information was available at the time of printing. The tables in-

cluded in this report cover treated and untreated ties which either had

been in service for a period of at least eight years or records where at

least 25 per cent, of the ties had been removed.

In certain test tracks, if 25 per cent, of one species of ties had been

removed, the other species are listed for comparison irrespective of the

number removed or the period of service. However, no rcords are in-

cluded imless inspections were reported in 1917.

The accompanying tables comprise about 350 service test records on

twenty-eight different species of ties, including thirty completed records,

submitted by twenty-two railroads.

T.vp.LE I

—

Service Test Records of Cross-Ties— 1917.
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Acknowledgment is made to the railroad officials and others who fur-

nished the information, data, and records upon which this report is based.

Table I summarizes the source of all records which appear in detail

in the main tables. Several service test records were submitted which

are not included in this report because the ties had not been in place long

enough to show interesting results. There are, it is believed, many other

railroad companies who have authentic tie durability records, and it is

hoped that Association members and others will notify the writer of

existing test ties for future reports.

Table 11^ which is self-explanatory, gives a brief summary of thirty

records of ties, all of which were reported removed in the 1917 inspection

reports. Other completed records have been published in part in several

of the annual Proceedings of the American Wood Preservers' Associa-

tion and the American Railway Engineering Association.

Table II

—

Summary of CoMPLETF.n Record.

Species

Cedar No. White...
Fir, Douglas (Coast)
Fir, Douglas (Coast)
Fir, Douglas (Coast)

Fir, Douglas (Coast)
Gum, Red
Gum, Red
Gum, Red
Gum, Red
Gum, Red
Gum, Tupelo
Gum, Tupelo
Gum, Tupelo
Gum, Tupelo
Gum, Tupelo
Gum, Tupelo
Gum, Tupelo
Juniper
Larch, Western
Larch, Western
Pine, Longleaf
Pine, Longleaf
Pine, Sap
Pine, Sap
Pine, So. Yellow

Pine, So. Yellow.

No.
of

Ties

Pine, So. Yellow.
Tamarack
Tamarack
Tamarack

2001
18 mi.
20. mi.
3. mi.
6. mi.

44
49
32

34
40

30
37
46
33
30
920
551

568
2100
434
333
334
125

100

2916
20

Date
Set

1903

1903
1903

1903
1905
1905

1905

1905

1905

1909
1909
1905
1905
1905
1905
1905
1897
1907
1907
1899
1905

1905
1905
1897

1897

1908
1907
1907
190S

Date
last

In-
spec-
tion

1917
1917
1917
1917
1917

1917
1917
1917
1917
1917
1917
1917
1917
1917
1917
1917
1917
1917
1917
1917
1917

1917
1917

1916
1917

1917

1917
1917
1917
1917

Preservative

Untreated ....

Zinc Chloride
Zinc Chloride
Zinc Chloride
Zinc Chloride
Zinc Chloride
Zinc Chloride
Zinc Chloride
Zinc Chloride
Zinc Chloride
Untreated

.

Untreated.
Untreated
Untreated

.

Untreated

.

Untreated

.

Untreated

.

Untreated

.

Untreated
Untreated

.

Untreated

.

Untreated

.

Zinc Chloride
Zinc Chloride
Zinc Tannin . .

Zinc Tannin. .

Zinc Chloride
Untreated. . .

.

Untreated ....

Untreated. . .

.

Burnett
Burnett
Burnett
Burnett
Burnett
Burnett
Burnett
Burnett
Burnett

Burnett
Burnett
Well-
house

Well-
house

Burnett

Railroad
Ave.
Life

(Years)

C.R.I.&P...
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TIES PLACED IX EXPERIMENTAL TRACKS, C. B. & Q. RAIL-

ROAD, 1909-19;0.

Per Per
Total Re- Cent. Re- Cent. Removed

Total moved to moved Ac- to Jan., 1918.

Process Placed Jan., 1918 count Decay Other Causes

ASH.

Straight Creosote. 35 .... .... ....

Card Process .... 388 19 .5 4.3

Burnett 31

Untreated 116 107 90.5 1.7

BIRCH.

Straight Creosote. 133 .... .... ....

Card Process ....1,075 45 .3 3.9

Burnett 103 5 1.9 3.0

Untreated 217 214 98.6

CYPRESS.

Straight Creosote. 54 .... ....

Card Process .... 662 18 .2 2.6

Burnett 55 .... .... ....

Untreated 225 1.32 56.3 2.3

COTTONWOOD.
Straight Creosote. 133 5 3.8

Card Process .... 456 27 .... 4.0

Burnett .... .... ....

Untreated 86 86 96.0 4.0

ELM.

Straight Creosote. 328 11 1.0 2.2

Card Process .... 957 18 .5 1.1

Burnett 297 11 .7 3.0

Untreated 190 167 82.0 6.0

SOFT MAPLE.
Straight Creosote. 201 11 1.0 4.5

Card Process .... 731 48 .9 5.8

Burnett 182 15 1.5 6.7

Untreated 125 122 98.0

RED GUM.
Straight Creosote. 137 8 .... 5.8

Card Process .... 661 26 1.1 3.0

Burnett 119 30 18.3 6.7

Untreated 151 148 96.6 1.0

HEMLOCK.
Straight Creosote. 235 4 .... 1.7

Card Process ....1,298 51 .1 3.9

Burnett 213 6 1.4 1.4

Untreated 191 180 93.6 .5



964 S ervice Tests of Cross-Ties.

Per Per
Total Re- Cent. Re- Cent. Removed

Total moved to moved Ac- to Jan., 1918.

Proce.'ss Placed Jan., 1918 count Decay Other Causes

BEECH
Straight Creosote. 484 2 .... .4

Card Process ....1,226 36 .09 2.8

Burnett 315 28 1.9 6.6

Untreated 207 188 88.8 2.0

HICKORY.

Straight Creosote. 25 1 4.0

Card Process .... 290 23 1.1 6.4

Burnett 24
Untreated 110 95 82.4 4.0

POPLAR.

Straight Creosote. 80 1 .... 1.2

Card Process .... 645 54 1.0 7.4

Burnett 80 2 1.5 1.5

Untreated 125 112 86.6. 3.0

HARD MAPLE.
Straight Creosote. 116 .... .... ....

Card Process .... 831 24 .5 2.5

Burnett 65 1 .... 2.0

Untreated 121 113 92.0 1.0

PIN OAK.

Straight Creosote. 321 .... .... ....

Card Process .... 833 11 .... 1.3

Burnett 68
Untreated 125 106 84.0 .8

LOBLOLLY OR SAP PINE.

Straight Creosote. 205 7 .5 2.9

Card Process ....1,344 120 4.0 5.0

Burnett 200 30 8.0 7.0

Untreated 249 216 83.0 3.7

CHESTNUT.
Straight Creosote. ... .... .... ....

Card Process .... 253 103 2.0 39.0

Burnett .... .... ....

Untreated 258 112 10.7 32.0

RED OAK.
Straight Creosote. 284 1 .4

Card Process ....1,280 26 .1 1.9

Burnett 272 18 1.1 5.5

Untreated 209 192 88.9 3.0

SYCAMORE.
Straight Creosote. 90 1 1.0

Card Process .... 521 34 2.7 3.9

Burnett 90 4 1.0 3.0

Untreated 130 120 97.0 2.0
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Per Pet-

Total Re- Cent. Re- Cent. Removed

Total moved to moved Ac- to Jan., 1918.

Process Placed Jan., 1918 count Decay Other Cames

TAMARACK
Straight Creosote. 212 7 •••• •

Card Process ....1,309 26 2 1-8

Burnett 214 5
••.•

f^^
Untreated 175 164 92.8 1-0

TUPELO GUM.

Straight Creosote. 151 5 .•• 3.3

Card Process .... 671 12 _
-^ , ^-^

Burnett 117 ^ J
2.0 3.y

Untreated 136 136 100.0

WHITE OAK.

Straight Creosote. 40 ..••

Card Process .... 386 9 .... ^-^

Burnett 43 ..•• •n
Untreated 124 21 16.9

A general summary, regardless of species, follows:

SUMMARY.
Per Per

Total Re- Cent. Re- Cent. Removed

Total moved to moved Ac- to Jan., 1918.

Process Placed Jan., 1918 count Decay Other Causes

Straight Creo.ote 3,264 64 .3 1-0

Card Process ...lo,817 730 .6 ^-^

Burnett 2,488 162 2.7 3.8

Untreated 3,270 2,740 82.2 3-4
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DESCRIPTION OF MATERIAL

Form Prepara-
tion

No. of

Ties
in Test

Whore
Grown

Spacing
in Trarl;

Average
Absorption

I>bs.

per
Tie

per
Cu.ft

SERVIGI

Date
placed

Name of R. R.

DOUGLAS COAST
OSOTE AND CRUDE OIL

Seasoned
8 montli.' 156 Wash. 42 12 1911 N. r Seattle, Wash.. Tangent

—
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DESCRIPTION OF MATERIAL

Prepara-
tion

No, of

Ties
in Test

Where
Cirown

Spacing
in Track

Average
Absorption

Lbs.
p?r
Tie

I>bs.

per
Cu.ft

Date
placed

Name of R. R. Location

DOUGLAS MOUNTAIN
UNTREATED

Hewed

Hewed
Hewed
Hewed
Hewed
Hewed

Hewed
Hewed
Hewed
Hewed
Hewed
Hewed
Hewed
Slabbed

Unseasoned
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(ONDITIONS

Tie Plates

Kind

Kind of Spikes
\Vf . of

Rail,

Lbs.
Ballast

Traffic

Tons per
Year

BESULTS

Date
In-

spect-

ed

Time
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DESCRIPTION OP MATERIAL

Prepara-
tion

No. of

Tics
in Test

Where
Grown

Spacing
in Track

Average
Absorption

Lbs.
per
Tie

Lbs.
per

Cu.ft.

SERVIC]

Date
placed

Name of R. R. Location
Curve
or

Tangent

WHITE UNTREATED

Hewed

Sawed

Hewed

Hewed
Sawed.

Seasoned

.

Seasoned

.

Seasoned

.

Seasoned.

117740

1'0219

500

35

N. Y. and
Penn ...

N. Y. and
Penn ....

Kan
Ala,

21".

21".

18 to rail.

19 to rail.

18 to rail

.

1912

1902

1902

1904

to
1900

1907

1903

1910

M. P. Ry...

P. S. ct N...

P. S. & N...

Wash. Term.

C. v^- N. W...

C.M.itSt.P
T, C. L & R

Marianna cut-

off, Ark

New Y^orl

Penn

Wasli., D. C.

Janesville, Wis

Wasli., Iowa
Enslev, Ala.

42'-c C.

58<;o T.

50% T.
50% C.

Tangent

OAK WHITE
C CREOSOTE CARD

188

19.3

1908

190S

C. B. & Q.

C. H. &Q
Lines East.

I-Lncs West.

PINE JACK
OSOTE LOWRY
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DESCRIPTION OF MATERIAL SERVIi

Prepara-
tion

Xo- of

Ties
in Test

Wlipip
Grown

Spacing
in Track

A vorage
.\bsorption

per
Tie

Lbs.
per

Cu.ft.

Date
placed

Name of R. R. Location
Curv
or

Tange

INE SOUTHERN YELLOW
[NC CHLORIDE BURNETT

Hewed
Hewed
Sawed.
Sawed.
Sawed

.

Seasoned.

.
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INDEX BY PRESERVATIVE

Preservative Process

Carbolineum . . .

Creosol-calcium

.

Creosote Full Cell.

Giussani

Live steam.. .

No steaming.
Lowry

Open tank.
u

Rueping. . .

Creosote and Crude Oil.

Crude Oil

" «

Diamond Wood-Preserver.
Mercuric chloride

Semi-refined oil

Paraffin Base
Untreated

Kyan . . .

Full Cell.

Species

Fir, Douglas (Coast)

Pine, shortleaf

Fir, Douglas (Coast)

Gum, red

Gum, tupelo

Juniper
Maple
Oak, red

Pine, loblolly

Pine, lodgepole.

Pine, longleaf

Pine, shortleaf

Pine, southern yellow. . .

Oak, red

Oak, red

Oak, red

Ash
Birch

Elm
Oak, red

Pine, jack

Pine, lodgepole

Hemlock, eastern

Tamarack
Gum, red. .

.*.

Maple
Oak, red

Pine, lodgepole

Pine, longleaf

Pine, shortleaf

Pine, southern yellow.. .

.

Fir, Douglas (Coast) ....

Cypress
Elm, white

Maple, soft

Gum, red

Spruce
Maple
Oak, red

Catalpa
Cedar, Northern white. .

.

Cypress
Fir, Douglas (Mountain)
Hemlock, eastern

Juniper
Larch, western
Maple
Oak, red

Oak, white
Fir, Douglas (Coast) . . . .

Pine, loblolly

Pine, longleaf

Pine, southern yellow. . .

.

Tamarack

9G8
1000

968
972
976
984
986
990
996
998
998
1000
1000
990
990
992
966
966
968
992
996
998
978
1006
974
988
992
998
998
1000
1002
970
966
968
990
974
1006
988
992
966
966
968
972
978
984
986
988
992
996
970
998
998
1002
1006



Service Tests of Cross-Ties. lOlt

INDEX BY PRESERVATIVE

Preservative



1012 Service Tests of Cross-Ties.

INDEX BY SPECIES

Page

Ash 9(>6

Bircli 9««

Catalpa 960

Cedar, Northern White 966

Chestnut 96C

Cypress 9CC

Elm 968

Elm, White 968

Fir, Douglas, Coast 968

Fir, Douglas, Mountain , 972

Cum, Red i)7t

Gum, Tupelo 976

Hemlock 97S

Juniper 984

Larch 986

Maple 986

Maple, Soft 990

Oak, Mixed 990

Oak, Red 990

Oak, White 996

Pine, Jack : 990

Pine, Loblolly 990

Pine, Lodgepolc 998

Pine, Longleaf 998

Pine, Sap 1000

Pine, Shortleaf 1000

Pine, Southern Yellow 1000

Pine, Western Yellow 1004

Spruce 1006

Tamarack 1006
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INDEX
Page

A
Addresses:
—Colonel F. W. Green, U. S. A. 56

—President's 38

American Railroad Association,

affiliation with 37

Appointment of committees 28

Ashpits 209, 869

Page
Conservation of Natural Re-

sources, repoit 101

—conservation of fuel 102

—peat as fuel 117

—suggestions for saving railroad

fuel 104

Constitution 15

Contents, table of 3

B

Balance sheet, general 51

Ballast, report 373

—ballast raising gang, organiza-

tion and distribution 377, 871

—bibliography on "Ballast" and
"Ballasting" 382

—concrete slabs in railroad road-

beds 400

—depth of 827

—life of 829

—method of cleaning stone bal-

last 379

—stone crushing and gravel

washing plants, typical 386

Board of Direction 19

Boilers, care of 321

Buildings, report 207

—ashpits 209. 869

—clearance diagram, showing
raised passenger platforms

and butterfly sheds, insert.. 211

—coaling stations 209

—comparison of umbrella versus
butterfly sheds at through
stations 212

—definitions 208

—dial scales 209

—high and low platforms at pas-
senger stations 210

Burnettizing of ties and timbei-.

indicators for determining.. 157

Business session 37

Deceased members 47

Dial scales 209, 869

Clamp frog 818

Coaling stations 209, 867

Coal storage 209, 868

Committee reports, publication

of 31

—consideration of 32

Conservation of fuel in Canada
in 1918 115

Economics of Railway Labor,

report 753

—equating track sections 759

—labor-saving devices 790

—proper relations between unit

of track expenditure and

unit per mile of line 782
—"The New^ Economy"—a mon-

ograph 803

—typical plans for housing labor 763

Elevation on curves 919

Economics of Railway Location,

report 752

—effect of curvature on cost

of maintenance and equip-

ment 7.53. 919

—rail wear on curves 754, 920

Economics of Railway Opera-
tion, report 431

—economic length of operating

districts 433, 916

—operating costs 432, 916

—reclamation and utilization of

scrap material 438

Electricity, report 193

—conclusions on w-atei- power. .

.

202

—direct saving of fuel by elec-

tric operation 201

—economy derived from water
power 855

—electrical definitions 194

—electrical interference 203

—electrified steam railroads 197

—proposed national electiical

safety code 204

—water power 197

Embankments, shrinkage of 874

—subsidence of 874

Equating track sections 832

1015
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F
rage

Financial stateniont 49

Flat spots on cai' wheels, allow-

able limit 825

Frost action 419

G

(Ji'iieiiil inforniation 28

Gravel wasliins plants 872

H

High platforms at passenger
stations 870

I

Intermediate transfer railroads,

improvement in operating
methods 180

Internal combustion engine, rules

for care of 323
Iron and Steel Structures, re-

port 649

—bridges, design of, discussion. 892

—discussion 889
—=-Engineering Institute of Can-

ada, specifications of 897
—general specifications for steel

railway bridges 653
bracing 667
details of design 660
erection 690

floors 666

full-size tests 689
-general features of design.. 654
inspection 689
loads 655
materials 673—painting 688
plate girders 668
proposals and drawings 653
trusses 671

unit stresses and proporlion-
ing of parts fi,-„S

viaducts 072
weigliing and shipping C,\l

workmanship 681

—live loading of bridges, discus-
»'<"' 895, 899

rnova))le liiidge specifications,
discussion 002

—revision of steel bridge speci-
'i'-al'ons 889

M
Management 23
ATanual, geneial lules for pub-

lication 33

Page
.Masoni-y, repoit 695

—l3ibliograph>" on pressuie of

earth fill over culverts and
pipes 697

—concrete culvert pipe 697

—concrete, strength and wear. . 904

—depositing concrete tmdei- wa-
ter 702

—discussion 903

—disintegrating of concrete and
corrosion of reinforcing ma-
terials 707

—effect of quantity of mixing
water and curing conditions
on stiength and wear of con-
crete 716

—effect upon strength and dur-
ability of concrete due to in-

sufficiency of moisture 748

—e 1 e m e n t s influencing the
strength of concrete 905

—specifications for slag aggre-
gate 712

—use of concrete in sea water. . 707

bibliography 707

Meetings of Association 26

Membeiship 15

—report on 47

Militar.\- service, number of

memliers in 47

Xational electrical safety- code 856

O

Oflicers, installation of 61

Operation of transfer railroads. 185

Outline of coinmittee-woik 28

Overlaps 810

P

I'eat as fui^'l 117

I'leliminary section Sl(t

I'liinps, elect ricnll\ oijeialed.

rules for 325

R

I lail. report 445

—areas of contact Vjetween

wheels and rail head 886

—discussion
_. 881

—extent of use of "Frictionless

Rail" and results obtained
therefrom 635
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Rail—Continued. Page
—intensity of pressure on 885

—joints, standard tests 883

—lubrication of to reduce w<ai-.. 023

—mill practice 448

—proposed specifications for oar-

I)on steel rails 454

—proposed standard test for rail

joints 463

—quick bend test for rail 591

—rail failure statistics for 1017..

—report on transverse fissures.. G05

—tests of splice bars at Altoona,

Pennsylvania Railroad 561

—transverse fissures 8SG

—transverse fissure rail on Penn-
sylvania lines 465

—transverse fissure rails on D.

1.. & W. R. R
—U-rail 882

Railroad track scales, specilica-

tions for, discussion 847

Railway labor, housing of 834

Records and Accounts, loport... 407

—progress report 407

Resolutions 59

Roadbed, consolidation of, dis-

cussion 876

—crowning of 877

—rolling of 876

1 toadway, report 411

—frost action 419

—prevention or cure of water
pockets in roadbed 411-420

—shrinkage of embankments,
examples of 412

Rules and Organization, report. 749

—science of organization 750

S

Safety code, national electrical,

discussion 856

Screw spike, use of, discussion. 358

Secretary, report of 47

Shrinkage of embajikments, dis-

cussion 874

Signals and Interlocking, report. 327

—analysis of line for mixed traf-

fic 346

—application of formulas for

analyzing two or more track
lines 347

—automatic, tiain control 369

-effect of siding location on ra-

pacity of two or more track

line 339

—effect of siding locations on a

single track line 331

Signals and Interlocking—Con-
tinued. Page

—light signals for day and night

indications, types 35G

—Railway Signal Association,

list of findings, conclusions,

standards and specifications 355

—signaling single tiack railioads 331

—single track line, capacity of. . 331

Signs, Fences and Crossing.s, re-

port 85

—crossing signal bells 89

—fence posts 93

—grade crossings, protection at. S6

Stimson, Earl, President-EIect.

remarks of 61

Stone crushing plants 872

Stresses in Railroad Track, le-

port 215

—progress report 215

—Stresses in Railroad Traclx

Fund, leport on 50

.Subsidence of embankniont.';. dis-

cussion 874

T
'i'tlU'is. ropoi-t of 54

Terminals, luiifled, example of

typical 843

Ticket selling problem 189-191

Tie records, discussion 862

Ties, report 226
—^cross-tie statistics 230

—effect of design of tie plates

and ti'ack spikes on durabil-

it.v of cross-ties 226

—fiexure of 864

—length of 865

—methods for controlling tie le-

newals 229

—trials of substitute ties 231

Track forces, distribution of. . . . 833

Track, report 69

—canting rail inward 73-78

—flat spots on freight car wheels,

allowable limit 82

—reduction of taper of tread of

wheel 73-77

—rigid frogs 71

—slip-switches 70

—spring rail frogs 72

—typical plans of turnouts, cross-

overs, slip-swilchos and dou-

ble crossovor.s 69

wheel contoni-s 7fi

Track Scales, Railroad, specifica-

tions for, discussion 847

Track sections, efiuating 832

Treasurer, report of 50
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U
Page

Unified terminals, example of

typical 843, 924

T'nlform General Contract Forms,
report 217

—form of Agreement for Grade

Crossing 219, 914

Wheel wear 920

W
"Water Service, report 277

—boilers, examination questions

for care of 321

—design of impounding reser-

voirs 283

—drinking water on tiains and
premises of railroads 282

—electrically operated pumps,
examination questions for

care of 325

—flue failures due to inipioper

water conditions 315

—foaming and priming 280, 909

—internal combustion engine,

examination questions for

care of 323

—-water meters, suitable types

for railway use 303, 910
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